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RESEARCH PAPERS
A NEW TECHNIQUE FOR INVESTIGATING THE PROCESS OF 

TABLET COMPRESSION: A PRELIMINARY REPORT
By K. M arshall

From the Department o f Pharmacy, Institute o f Technology, Bradford, 7 

Received February 13, 1963

This preliminary report covers static tests involving the incorporation 
of an electrical conducting material in a tablet formula and subsequent 
recording during compression of the change in electrical resistance 
of the compact. An assessment of the experimental variables has 
indicated optimum conditions for making dynamic tests on an instru
mented tablet machine and suggested more refined adaptations of the 
technique. Comparisons between this electrical property of the 
material and other properties such as relative volume, initial granule 
size, moisture content of the granules and crushing strength of the 
compact are oresented. The resistance plots show evidence of change 
in the physical condition of the material under pressure; that is an 
initial packing stage followed by a brief period during which the 
granular structure is capable of supporting the imposed load without 
breakdown and finally gradual failure of the granules to give a compact 
mass.

T he behaviour of powdered metals during compression has been expressed 
in terms of the changing physical condition of the material by Seelig and 
Wulff (1946) who divided the process into three stages, (i) Packing of the 
particles, (ii) Elastic and plastic deformation, (iii) Cold working with 
or without fragmentation. Train (1956) showed that this sequence of 
events occurred in other powdered materials and Seth (1956) suggested 
that the formation of pharmaceutical tablets from granules might follow 
as a result of similar changes.

Jones (1960) referred briefly to the use of electrical conductivity measure
ments as a means of following the sintering process of powdered metals 
and Duffield and Grootenhuis (1958-59) described the method in some 
detail during their studies on the effect of particle size on the sintering of 
copper powder.

Changes in t ie properties of compressed materials have also been 
followed by means of electrical conductivity measurements on the com
pacts at various pressure levels. Shapiro (1948) used this technique 
during his investigations on the ageing of silver bromide precipitates and 
Huffine (1956) made similar experiments with sodium chloride and 
copper sulphate. In both these instances the authors measured the 
ionic conductivities of the salts and Huffine concluded that the method 
was of limited value because of the sensitivity of ionic conductance to 
certain properties of the specimen. In addition, these investigations 
were made under essentially static conditions such as are not encountered 
in the manufacture of tablets.

An attempt has been made to develop a technique which might sub
sequently yield useful information under operating conditions as near as

413



K. MARSHALL

possible to those of the normal tabletting process. This report is an 
account of the initial work, carried out under static conditions, to deter
mine the significance of certain experimental variables and the optimum 
conditions for translation to an instrumented tablet machine.

Experimental

Tablet granules were prepared incorporating a small amount of carbon 
in the form of synthetic graphite powder. The change in electrical 
resistance of the dried granular mass was determined at suitable intervals 
during its subsequent compression.

Preliminary experiments indicated the need for rigid control in the 
formulation and preparation of the granules, as well as in the methods of 
compression and recording of change in resistance. Standard techniques 
were therefore used for each of the above operations. Large variations 
were found in the conductivity of graphite obtained from different sources 
and the same batch of material was therefore used for all the experiments.

Formulation and Preparation of the Granules
Because of its known freedom from compression difficulties sodium 

chloride was chosen as the base material; this was mixed with the graphite 
in a small end-runner mill, both materials being in powder finer than 350 
mesh. Half strength Mucilage of Acacia B.P.C. was then added as 
granulating fluid and binding agent and a further 5 min. allowed for mixing. 
The mass was then granulated by hand through a number 22 sieve and 
dried for 4 hr. at 60°.

The granules produced in this manner were separated into various size 
ranges by an Inclyno sieve shaker. Except where otherwise indicated the 
granules were stored over silica-gel in a desiccator for 48 hr. in order to 
achieve some uniformity of moisture content before tabletting.

A graphite content of 8 to 10 per cent was selected from tests which 
indicated that this concentration would give a range of resistance readings 
capable of application to a continuous recorder for use with the instru
mented tablet machine. Lower concentrations of graphite gave very 
high resistance readings which were not reproducible.

Compression
A die fabricated from a non-conducting material was employed so that 

the electrical resistance of the compact could be measured during com
pression. From preliminary tests, Tufnol (a paper laminated synthetic 
resinoid material) was chosen as the most satisfactory material since it 
combined relative hardness with resilience and a surface which would 
take a reasonable polish. More recently polyacetal and polycarbonate 
resins have been tried and they may be equally suitable. A bakelite 
insert fitted within a metal die, as used by Huffine, was rejected in these 
experiments because of difficulties encountered when using such an 
assembly in a tablet machine. The punches used were standard £ in. 
flat faced punches from a Manesty hand tablet machine.
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100 mg. of the granules was fed into the die and the punch and die 
assembly (Fig. 1' was placed between the platens of a hydraulic press. The 
electrical resistance between the faces of the two punches, at each pressure 
level, was determined using a Cambridge Decade Bridge. The experi
ments were carried out 10 times for each series of conditions and the 
experimental points recorded therefore represent the arithmetic mean of 
10 readings. Most of the resistance readings, especially those at the high 
pressure end cf the scale, showed little variation (less than 2 per cent). 
The variation however, was greater at low pressures. Some idea of this 
variation may oe obtained from the standard deviation calculated from 30 
measurements obtained at the lowest pressure; that is a pressure gauge 
reading of 20 p.s.i. The calculated value for the standard deviation was 
2,725: the mean resistance reading at this pressure being 12,710 ohms. 
Despite this variation, the curves from individual sets of readings were 
always of the same general shape as those shown in the figures.

TECHNIQUE FOR INVESTIGATING TABLET COMPRESSION

F i g . 1. Diagram of the punch and die assembly. A, Upper punch support. 
B, Tufnol die. C, Steel support for the die. D, Base plate (insulated from the press 
platform but carrying the connection to the decade bridge from the lower punch). 
E, Lower punch. F, Granules in the die. G, Upper punch (connected to the 
decade bridge).

A compact weight of 100 mg. was chosen as appropriate for a tablet 
diameter of l  in. and the applied pressures were selected to include the 
working range of the tablet machine. Resistance values at pressure 
gauge readings below 20 p.s.i. were not reproducible and are not therefore 
included; pressure gauge readings in excess of 600 p.s.i. frequently pro
duced die failure. The pressure readings were obtained from a gauge 
connected to the main chamber of the hydraulic press and although this 
method does not indicate the absolute pressure transmitted to the compact 
it was thought sufficiently accurate for this preliminary study. It is
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anticipated that strain gauges will be the method employed for determining 
pressures on the instrumented tablet machine thereby eliminating this 
approximation.

In certain of the tests the relative displacement of the two punches at 
each pressure level was measured using a Pye cathetometer so that the 
volume of the compact might be calculated.

R e s u l t s

Fig. 2 shows the results of compressing 100 mg. of 25 on 30 mesh gran
ules containing 8 per cent of graphite up to pressure gauge readings of 
640 p.s.i. In the same figure the effect of variation in the graphite content 
is shown by the curves for granules containing 9 per cent and 10 per cent 
graphite.

Fig. 3 shows the effect of initial granule size on the resistance plot and 
Fig. 4 the effect of moisture content. The broken line portions of the

Pressure gauge'

Fig. 2. The relation between com- 
pressional force and electrical resistance 
of a granular mass containing graphite.

8 per cent graphite —• —• —
9 per cent graphite —O—O—

10 per cent graphite — x — x —

readings (p.s.i.)

Fig. 3. The relation between com- 
pressional force and electrical resistance 
of granules containing 8 per cent 
graphite showing the effect of variation 
in granule size.

25 on 30 mesh granules —• —• — 
52 on 60 mesh granules —C—O—

120 on 240 mesh granules — X — X —-
416



curves represent isolated readings taken with compressional force readings 
up to 1,000 p.s.i. It was impossible to obtain a full set of results in this 
region due to die failure at high pressures.

The crushing strength of compacts compressed to various pressure 
gauge readings was determined by means of a Strong-Cobb hardness 
tester and the results obtained are illustrated in Fig. 6.

TECHNIQUE FOR INVESTIGATING TABLET COMPRESSION

Fig. 4. The relation between compressional force and electrical resistance of 
granules containing 8 per cent graphite showing the effect of variation in the moisture 
content. Both sets of readings are for 25 on 30 mesh granules.

The curves ir. Fig. 2 can be divided into sections. These, it is sug
gested, correspond to the stages in the change of the physical nature of a 
material under pressure referred to in the introduction. The findings of 
Shotton and Ganderton (1960) do not indicate a sharp demarcation 
between the various stages and this is in agreement with the results now 
reported.

It may be postulated that when pressure is first applied, the granules 
(which are loos;ly touching) move relative to one another to take up a

10
10 25 50 ¡ 00 2 50 5 00 1000

Preasure gauge readings (p.s.i)

Air dry.
Desiccated for 48 hr.

D iscussion
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K. MARSHALL

more compact arrangement and thereby increase the number of inter
granular contact points. Due to the applied pressure, the contacts will 
be of a more effective nature, i.e. they will possess a lower electrical resis
tance. It may be the improved inter-granular contact which chiefly

c d
F ig . 5. The surface appearance of tablets after being subjected to the following 
compressional forces.

(a) 25 pounds per square inch.
0b) 100 „ „ „
(c) 200 „ „ ,,
(d) 400 „ „ „

all at a magnification of 74 times.
Graphite content 8 per cent, granule size 25 on 30 mesh.

accounts for the marked fall in resistance (region A to B in Fig. 2). Train
(1956) reported that at all stages of compression a skin was formed 
where the compacts had been in contact with the die walls. Though no
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evidence of this was seen at low pressures in the present investigation, 
it is possible that the fall in resistance may be due to such a skin layer 
giving a preferential conducting path.

From B to C the granules are probably incapable of tighter packing 
without deformation but are strong enough to support the imposed load. 
The electrical resistance will therefore undergo only a small change due 
to further lowering of the inter-granular contact resistances and the onset 
of the third stage in localised areas of the compact. During stage 3, the 
granular structure fails, contact between the individual particles within 
the granules will therefore be improved and the intra-granular contact 
resistances will be reduced. This effect would account for the steady 
fall in electrical resistance in the region C to D in Fig. 2.

Finally with complete breakdown of the granular structure the maximum 
conducting effect of the graphite content will be approached and from 
point D onwards increase in pressure will produce less and less effect on 
the resistivity of the compact.

The above interpretation of the curves in Fig. 2 is supported by the 
changes in appearance of the tablet surface sden in Fig. 5 and by changes 
in the crushing strength of the compacts (Fig. 6). At pressure gauge 
readings up to about 25 p.s.i. the compacts possessed virtually no mech
anical strength and the individual granules were clearly visible in a surface 
view of the tablet (Fig. 5a). Fliguchi, Rao, Busse and Swintosky (1953) 
suggested an initial breakdown of granular structure, but it was found in 
the present work that granules retained their identity (i.e. could be re
covered from the die apparently unchanged) up to pressure gauge readings 
of 20 p.s.i.

At pressure gauge readings between 100 and 500 p.s.i. the crushing 
strength of the tablet increased uniformly with increase in pressure and 
over this range the granular structure as shown by surface appearance 
(Fig. 5b, c and d) gradually disappeared. At pressure gauge readings 
above 500 p.s.i. the rate of increase in mechanical strength began to fall 
off and the surface of the tablet showed no trace of a granular structure.

The change in relative volume of the compacts with increasing pressure 
(Fig. 7) followed a similar curve to the resistance plot suggesting further 
evidence for the above argument. Relative volumes were calculated 
from the formula defined by Walker (1923) and used by Train (1956).

Although the results appear to favour this reasoning, further experi
mental work is desirable before the alternative explanation of preferential 
conduction via a skin layer can be excluded.

The curves showing the effect on the resistance of variation in the 
moisture content of the granules are confusing and several factors may 
be involved. The presence of moisture might be expected to affect the 
resistance readings irrespective of any action on the granule materials. 
Savage (1948) showed that while moisture is essential for graphite to act 
as an efficient lubricant, only a very low concentration was necessary. 
The lubrication effect is unlikely therefore to be a significant factor in the 
present work. It seems more feasible to suggest that, since the binding 
agent used was a gel, excessive desiccation might reduce its bonding

TECHNIQUE FOR INVESTIGATING TABLET COMPRESSION
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properties to such an extent that the granular structure failed more readily 
under compression. This would explain the lower resistance readings 
obtained with desiccated material. A more detailed study of this aspect 
of the problem with more accurate control and assessment of the moisture 
content is necessary.

Pressure gauge

Fio. 6. The relationship between com- 
pressional force used and the crushing 
strength of tablets (Strong-Cobb). 
Graphite content 8 per cent, granule 
size 25 on 30 mesh.

reading (p.s.i.)

F ig . 7. The relationship between com- 
pressional force and the relative volume 
of tablets containing 8 per cent graphite.

25 on 30 mesh granules — • — • —  
120 on 240 mesh granules — C— C —

It might be argued that the presence of graphite in the formulation 
would seriously affect the behaviour of the granular mass since it is known 
to possess marked lubricant properties. Train and Hersey (I960) have 
described experiments from which they conclude that the mechanism of 
lubrication by graphite and talc is somewhat akin to a roller-bearing 
action; they further deduce that under high compression this lubricant 
action is seriously curtailed.

To investigate the significance of the graphite in the present work, 
granules were prepared in which it was substituted by wood charcoal. 
Unfortunately a resistance range similar to that of graphite could only be

420



obtained with ICO per cent wood charcoal, that is, by omitting the sodium 
chloride completely. It was observed that these charcoal granules 
possessed very little mechanical strength and did not bond together to 
form a hard compact when compressed. In view of this it is not sur
prising that the resistance plot of the granules followed a curve similar to 
that obtained for 120 on 240 mesh granules of graphite (Fig. 2), though a 
strict comparison is hardly justifiable.

Granules containing powdered metals were also prepared but here 
again a higher concentration was found necessary before resistance 
readings within a useful range could be obtained. A further difficulty 
was chemical reaction at the metal surface which seriously impaired the 
conductivity. I: is worth noting that, when powdered tin was used in a 
concentration of 40 per cent, the resistance readings remained above
1,000,000 ohms until the pressure readings reached a value of about 140 
p.s.i.; at this point the resistance fell instantaneously to a value of 100 to 
200 ohms and further increase in pressure soon reduced the value to less 
than one ohm. The most likely explanation for this phenomenon is that 
flow of the metal component occurred in addition to sudden breakdown 
of the granular structure. A similar result was recorded when compress
ing granules made from Mercury with Chalk B.P. 1948, though the 
sudden fall in resistance occurred at a lower pressure (approximately 
50 p.s.i.). It wculd seem that graphite possesses a rather unique combina
tion of properties which render it especially suitable for this type of 
investigation.

At this stage no attempt has been made to derive quantitative relation
ships between rhe variables involved in these experiments but it is 
anticipated that more refined techniques will offer an alternative method 
for obtaining information continuously during the normal operation of a 
tablet machine.
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A  series of surface-active A-alkyl AW-dimethyl glycines (alkyl betaines) 
and their hydrochlorides have been prepared. Some physical pro
perties of these compounds have been investigated. The critical 
micelle concentrations of the betaines have been determined by a 
surface tension, a refractive index, a dye solubilisation and an iodine 
method. An  explanation of the differences in critical micelle con
centrations between these amphoteric surfactants and corresponding 
anionic and cationic surfactants is proposed.

A mphoteric surfactants have not been studied so intensively as anionic, 
cationic or even non-ionic surfactants. Some amphoteric surfactants 
have been patented and a few marketed, e.g., Miranols (Mannheimer 
1950), Ambiterics (Glovers Chemicals Ltd.) and Deriphats (General Mills). 
Incomplete details of the physical and solubilising properties have been 
obtained. Fundamental studies have not been possible because series 
of pure compounds of known chain length have not been available.

A series of pure non-ionic surfactants has recently been prepared in 
our laboratories (Mulley, 1960). We now report the preparation of a 
series of surface-active betaines which were required for detailed physical 
investigations.
Preparation of the Compounds

The alkyl betaines (A-alkyl AW-dimethylglycines) were prepared by 
treating a dimethylalkylamine with sodium chloroacetate (e.g., see Balle 
and Eisfeld, 1935; Tanaka, 1943). They were isolated from the sodium 
chloroacetate reaction mixture as their hydrochlorides (see Table II), 
which were then converted to the corresponding free bases by passing 
them through a suitable ion-exchange column. The eluate was evaporated 
to dryness and the residue recrystallised from ethanol: ether (1:20). 
The alkyl betaines (see Table III) were obtained as white amorphous solids.
Critical Micelle Concentrations

The critical micelle concentrations of the series of surfactants were 
determined by four independent methods; these were a surface tension, 
a refractive index, a dye solubilisation and an iodine method. The dye 
used was bromophenol blue and the iodine method was adapted from that 
used by Ross and Olivier (1959) for non-ionic surfactants.

Experimental
Synthesis

All melting points are uncorrected.
The alkyl bromides used were Eastman Kodak materials with a purity 

of 99 per cent.

SURFACE-ACTIVE BETAINES:
N-ALKYL-NN-DIMETHYLGLYCINES AND THEIR CRITICAL

MICELLE CONCENTRATIONS
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The primary alkylamines used were 99 per cent pure.
AlkyIdimethylamines. The tertiary amines were obtained by reaction 

of alkyl bromides wkh dimethylamine or by reductive méthylation of a 
primary alkylamine with formic acid and formaldehyde (Kirby, 1941). 
The bases were purified by distillation. The quaternary iodide of each 
tertiary base was prepared by reaction of methyl iodide with the base 
dissolved in acetone. The details for each tertiary amine and its quater
nary iodide are given in Table I.

SURFACE-ACTIVE BETAINES

TABLE I
VW-DIMETHYIALKYLAMINES AND THEIR QUATERNARY IODIDES

Me,
Me-

N.[CH2]n-Me

Alkyl chain

NiV-Dimethylalkyl-
amines AWN-Trimethyl A-alkyl ammonium iodides

Distillation
Equiv. weight

Microanalvtical data

n Temp°
Pressure 
mm. Hg

Yield
per
cent m.p.°C

Carbon Hydrogen
Calc. Found Calc. Found Calc. Found

Hexvl 5 143-4« 760 77 271 272 169»
Octyl 7 79-806 16 66 299 301 142A
Decyl 9 62c 0-6 72 327 326 201-2*
Undecyl .. 10 83 1-0 84 341 340 221-2 49-3 50-2 9-5 9-5
Dodecyl .. 11 95d 10 88 355 356 237-7-5 50-7 50-9 9-6 9-4
Tetradecyl 13 103-9« 0-5 72 383 382 238 53-3 53-6 100 9-7
Hexadecyl 15 142'’ 10 86 411 411 248-9»

a-f. Gautier, Renault and Rabiant (1957) reported:
a. 145° at 760 mm. Hgb. 189-190° at 760 rr.m Hg
c. 106° at 9 mm. Hg
d. 133° at 8 mm. Hg

e. 103-5° at 0-5 mm. Hg 
/. 159-162° at 2-5 mm. Hg
g. Kato, Morikawa and Suzuki 

(1952) reported 166°

h. Kato and others (1952) re
ported 141°

/. Blomquist, Hallam and Josey 
(1959) reported 199-200° 

j . Macovski (1936) reported 247°

N-Alkyl NN-dimethylglycine hydrochlorides. The alkyl-dimethyl- 
amine (1 equiv.' was refluxed in an ethanol: water mixture (1:1) with 
sodium chloroacetate (1 equiv.) until the system became monophasic.

TABLE II
A'-ALKYL AW-DIMETHYLGLYCINE HYDROCHLORIDES

Mex + /[CH2]„-Me
N

Me/ Z cH2-C02H Cl"

Alkyl chain Yield Equiv. weight
Micro-analytical data

Carbon Hydrogen j Nitrogen
n cent Calc. Found m.p.°C. Calc. Found Calc. Found ! Calc. Found

Hexyl 5 51 224 224 156-7 53-7 54-2 9-9 9-9 6-3 6-2
Octyl 7 59 252 252 170-1 57-2 57-8 10-4 10-2 5-6 5-6
Decyl 9 71 280 280 172-3 60-1 59-9 10-8 10-7 5-0 4-8
Undecyl .. 10 74 294 294 170-1 61-3 61-3 11-0 11-0
Dodecyl .. 11 54 308 306 165-6 62-4 61-8 11-1 10-8 4-5 4-4
Tetradecyl 13 53 336 336 163-4 64-4 64-2 11-4 11-3 4-2 40
Hexadecyl.. 15 68 364 364 a 66-0 66-0 116 11-7 j 3-9 3-9

a. Melting point obscured by frothing of substance as it softened from 150° upwards.
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The cooled reaction mixture was treated with excess concentrated hydro
chloric acid. The hydrochloride crystallised and was filtered off, dried 
and recrystallised from ethanol: ether (2:1). In the case of the octyl and 
hexyl compounds, the acidified reaction mixture was evaporated to 
dryness and the hydrochloride was recrystallised after extracting the 
residue with hot ethanol. The details of these compounds are giver, in 
Table II.

N-Alkyl NN-dimethylglytines (Alkyl betaines). The A-alkyl NN- 
dimethylglycine hydrochloride was dissolved in water and passed through 
an ion-exchange column of IRA-400 (OH). The eluate was evaporated to 
dryness. The final drying was carried out using xylene to form an 
azeotropic mixture with the water. The residue was recrystallised from 
ethanol: ether (1:20). The undecyl, decyl, octyl and hexyl compounds 
were dried by heating at their melting points in a vacuum. The details 
of these compounds are given in Table III.

A. H. BECKETT AND R. J. WOODWARD

TABLE III
A -a lk y l  A A -D imethylglycines

Mes yCHj-COO“ Me\ +/
In N

Me/ \ c H 2]„-Me Me/ Z

ch2-coo-
HjO

[CH 2]„-Me

I II

Alkyl chain Yield
per
cent

Equiv. weight
m.p.°C.

Micro-analytical data
Carbon Hydrogen Nitrogen

n Calc. Found Calc. Found Calc. Found Calc. Found
Hexyl® 5 89 187 188 138-40 641 62-8 11*3 11-1 7-5 74
Octyl“ 7 93 215 216 155-6 66-9 67-2 11*7 11*8 6-5 63
Decyl“ 9 100 243 244 162 69 1 68-4 120 12-2 5-7 5 7
Undecyl® .. 10 97 257 256 165 700 70-6 12 1 12-2 5-4 5 6
Dodecyl6 .. 11 71 289 278 183 66-4 66-4 12 2 12-0 4-8 4 7
Tetradecyl6 13 92 317 300 198-9 68-1 68-3 12-4 12-3 4-4 4 5
Hexadecyl6 15 66 345 331 200-1c 69-5 69-1 12 5 12-5 41“ 4 2d

a. Anhydrous alkyl betaine, as formula (I) above.
b. Hydrated alkyl betaine as formula (II) above.
c. Swain, Braun and Naegele (1953) reported 205-6°.
d. Swain and others (1953) reported nitrogen 3-97 per cent (calc, figure for anhydrous compound given 

as 4-29 per cent).

Equivalent weights of the bases were determined by titration with 
perchloric acid in glacial acetic acid using Oracet Blue as indicator. 
Mercuric acetate was adced to the solution for the determinations on the 
hydrochlorides.

Critical Micelle Concentration Determinations
Materials. Iodine (Ar.alar). Bromophenol Blue (Reagent Quality).
Apparatus. A Cambridge Du Nouy Tensiometer was used in the 

surface tension experiments.
The Hilger-Rayleigh Interferometer M. 154 fitted with constant tempera

ture water jacket was used for the refractive index measurements. A 
tungsten lamp and 1 cm. (or 10 cm. cells as indicated) were used.
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A Hilger and Watts Uvispek Spectrophotometer was used to measure 
optical densities. 1 cm. silica cuvettes with water as reference solvent 
were used unless otherwise stated.

Surface tension method. The ring detachment method was used to 
determine the surface tension of the solutions and the Harkins and 
Jordan (1930) corrections were applied to the results. Measurements 
were made at 23 ±  1°. The results were plotted as surface tension 
against log surfactant concentration (e.g. see Fig. 1).

Log surfactant concentration (per cent w/v)

Fig. 1. Graphs of surface tension against log surfactant concentration used to 
determine the CMC of some alkyl betaines. A, Hexadecyl betaine. B, Tetradecyl 
betaine. C, Dodecyl betaine. D, Undecyl betaine. E, Decyl betaine. F, Octyl 
betaine.

Refractive index method* Measurements were made at 20-2 ±  0T°.
The first reading was made with the starting concentration in the two 
cells, and each solution of betaine was then used as reference solution 
for the next higner concentration of betaine; the differential refractive 
indices were summated. The results were plotted as changes in refractive 
index against molar concentration; the single breaks in the curves were 
taken as the critical micellar concentrations (cmc) (see Fig. 2).

Bromophenol Blue solubilisation method. A series of surfactant solutions 
in the CMC region were prepared in 1:250,000 aqueous Bromophenol 
Blue. The extinction of each solution was determined at 605 m̂ u. 
Measurements were made at 23 ±  1°. The results were plotted as extinc
tion against surfactant concentration (e.g., see Fig. 3). The cmc values

* We thank N. Choulis for carrying out these measurements.
43-5-- ___________________________________
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2-5 3-75 5 625 7-5 8-75 1D E
Molar concentration

Fig. 2. Graphs of changes in refractive index against molar concentration in some
betaines of structure Me-[CH2]n-+N Me2CH2COO~ using a 1 cm. (----------’ or
10 cm. (-------- ) cell. 1, decyl A/D scale (10~2m); 2, undecyl B/E scale (10_:m);
3, dodecyl A/D scale (10_3m); 4, tetradecyl B/D scale (10-4m); 5, hexadecyl C lD 
scale (10-5m).

Tetradecyl betaine per cent w/v

F ig . 3. Graph of optical density at 605mfi against tetradecyl betaine concentration 
per cent w/v plotted in determining the cmc by the solubilisation of bromcphenol 
blue method, a, cmc =  0 0048 per cent w/v. b, Stable micelle point (Colichman 
1951) where all dye is in the solubilised state.

of the decyl and octyl betaine were determined by titration of a solution 
of the surfactant, at a concentration above its cmc in aqueous Brono- 
phenol Blue (1:250,000), with dye solution (1:250,000). The cm c  was
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calculated from the volume of the solution when the colour changed from 
blue to violet.

Iodine method. A solution of surfactant about 2-4 times the concentra
tion of the CMC was prepared in aqueous iodine (15 mg./'Iitre approx.). 
The solution was stored in the dark at 23 ±  1° for a week. It was diluted 
with water to gi\e a series of solutions in the cmc region. The extinction 
of each solution was determined at 365 m^. The results were plotted as 
extinction against surfactant concentration (e.g. see Fig. 4).

Fig. 4. Graph of observed optical density at 365m against tetradecyl betaine 
concentration plat ed to determine the cmc by the iodine method, a =  cmc =  
0-0054 per cent.

R esults and  D iscussion

The tV-alkyl AW-dimethylglycines with an alkyl chain greater than 
undecyl were obtained with a molecule of water of crystallisation. Be
taines with an al<yl chain from hexyl to undecyl were obtained anhydrous 
provided they were subjected to severe drying conditions. The lower 
members of the series (hexyl and octyl betaines) were very deliquescent 
but this became less marked as the alkyl chain length was increased. 
The anhydrous compounds have sharp melting-points and end-points on 
titration as bases in non-aqueous media, but the hydrated compounds 
have indefinite values for these properties. The alkyl betaine hydro
chlorides are white crystalline solids with sharp melting-points.

High purity of the present series of A-alkyl AW-dimethylglycines was 
indicated from tie microanalytical data and the linear graphical relation
ship o f  alkyl chain length to log molar cm c . Microanalytical and physical 
data on the A-alkyl AW-dimethylglycine hydrochlorides indicated that 
these intermediates were pure.

Attempts tc prepare the betaines from their hydrochlorides using 
inorganic bases gave products with appreciable inorganic impurity.

In the region of the cmc sharp changes occur in many of the properties 
of a surfactant solution. In the present work, methods for cmc deter
mination other rhan those used successfully were tried. The zwitterion 
nature of the betaines was thought responsible for the unsuccessful
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application of a conductivity method and complex polyphasic systems 
were obtained when attempting an octanol solubilisation method.

The results of the surface tension method for each alkyl betaine gave 
a graph on which the c m c  was interpreted from the intercept of two 
straight lines (see Fig. 1). Below this value, the surface tension decreased 
linearly with increase in log surfactant concentration. Above it, the 
surface tension was almost constant. The results of the refractive index 
method gave graphs on which the c m c  values were interpreted from the 
intercept of two straight lines (Fig. 2).

The results from the Bromophenol Blue solubilisation method gave a 
sigmoidal curve for each compound (e.g. see Fig. 3). This kind of curve 
has been obtained previously using the dye solubilisation methods 
(Mukerjee and Mysels, 1955; Colichman, 1951; Zutrauen, 1956). The 
c m c  is usually interpreted from the lower surfactant concentration 
inflection (see Fig. 3).

The iodine method was adapted from that used by Ross and Oli/ier
(1959) for determining the c m c  of non-ionic surfactants. The results for 
each determination gave two straight lines which intersected at the c m c  
(see Fig. 4). Extinction measurements at the absorption peak (365 m/x) 
on fresh aqueous surfactant with iodine systems were not reproduc ble 
hence, before use, the solutions were stored for a week in the dark. The 
variation in intensity at the absorption peak was attributed to chemical 
interactions.

TABLE IV
Results of the critical micelle concentration determination on a series of 

jV-alkyl AW-dimethylglycines

CH2-COCr
h2o

[CH2]„-Me 
II

Me. ,CH2-COO-\+ / MevN N
Me/ \cHJ-„Me Me/ \ [

Alkyl chain Critical micelle concentration in moles litre

n
Surface tension 

method
Dye

solubilisation
method

Iodine
method

Refractive
index

method
Hexyl® 5 — — ___ —

Octyl® 7 1-7 x 10-1 1-7 x 10-1 — —
Decyl® 9 1-8 x 10-2 1-8 x 10-2 2-0 x 10-2 2-1 >: 10-2
Undecyl® 10 6-6 x IO"3 6-0 x 10-3 6-4 x 10-* 6-4 x 10-*
Dodecylb 11 1-8 x 10-3 1-6 x 10-3 1-8 x 10-3 2-1 x 10-3
Tetradecyl5 13 18 x 10-4 1-5 x 10-« 1-5 x 10"4 1-7 x 10 4
Hexadecyl5 15 2 0 x 10"5 1-8 x 10~5 1-8 x 10-5 1-6 x 10-6

a. Anhydrous alkyl betaine as formula (I) above.
b. Hydrated alkyl betaine as formula (II) above.
The critical micelle concentrations in moles/litre by the surface tension method of some compounds 

closely related to the alkyl betaines were found to be: dodecyl betaine HC1 1-98 x I0-3; tetradecyl betaine 
HC1 1-96 x 10-4; iVAW-trimethyl A-dodecyl ammonium iodide 5-21 x 10-3.

The four methods of determining the c m c  of the alkyl betaines yielded 
similar results (see Table IV). This general agreement involving the 
binary systems (surfactant and water) using the surface tension and the 
refractive index method and those from the two types of ternary systems,
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indicated that the addition of the stated amounts of either Bromophenol 
Blue or iodine did not appreciably affect the c m c .

The alkyl betaine surfactants are reported to be cationic (Moore, 1960) 
but behave differently from the quaternary ammonium surfactants. 
Moore (1960) suggested that the alkyl betaine surfactants should be 
classified as ‘Intronium Surfactants’ because they were not amphoteric. 
However, all quaternary amphoteric surfactants will fall into this class 
and it is probably less confusing if the amphoteric surfactants are divided 
under two headings i.e., the quaternary and the non-quaternary.

In the present work, the predominantly cationic nature of the alkyl 
betaines was indicated by the successful application of Bromophenol Blue, 
an anionic dye, for the c m c  determinations. Attempted use of a cationic 
dye (Pinacyanol bromide) was unsuccessful. Corrin and Harkins (1947) 
found that a dye of opposite charge to the surfactant was essential in 
determining the c m c  by a dye solubilisation method. The successful 
application of an iodine method indicated that the micelles of the alkyl 
betaines were not wholly negative or positive, since Ross and Olivier
(1959) stated that iodine precipitated with positive micelles and did not 
interact with negative ones.

♦ - ♦ - ♦

+ - ♦ - ♦
t - f

Fig. 5. Proposed arrangement of positive and negative charges on the surface of a 
micelle of an alkyl betaine

The surface cf the amphoteric micelle is envisaged as covered with a 
net-work of positive and negative charges (see Fig. 5). The interior of the 
micelle in aquecus solution is assumed to be paraffinic in nature. In the 
present investigation, the alkyl betaines were dissolved in water and no 
foreign electrolytes were added. Thus, the balance between the charges 
on the micellar surface was dependent solely on the amphoteric character 
of the betaine molecule. The c m c  depends on the lipophilic: hydrophilic 
balance in a surfactant molecule. Klevens (1953) proposed expression 
(I) for calculation of the c m c  :

log c m c  =  A — BN .......................  (1)
in which A is a constant depending on the homologous series of the surfac
tant, B is a constant which for most surfactants is equal to log 2 and N is 
the alkyl chain length. In anionic and cationic surfactants, A is the only 
function in (1) which is said to be dependent on the molecular structure 
and the term BN should be constant for all such surfactants with a straight
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alkyl chain. Provided A is not the same for two series of such surfactants 
then the cmc values of corresponding members will be different but the 
change in cmc per carbon atom in the alkyl chain will be the same for both 
series.

The cmc values for a series of amphoteric surfactants have not been 
reported hitherto but these surfactants were said to have lower cmc values 
than corresponding anionic and cationic surfactants (Schmitz and Harris, 
1958). This difference between such surfactants has been attributed to 
the desaturation of charges between the polar heads of amphoteric 
molecules, illustrated in the diagram III, leading to increased molecular

A. H. BECKETT AND R. J. WOODWARD

III

aggregation (McCutcheon, 1954). In the present series of alkyl betaines, 
not only was the position of the cmc different from corresponding anionic 
and cationic surfactants (related to A in expression 1), but so was the 
change in cmc with alkyl chain length (related to B in expression 1). 
The value for B in the series of alkyl betaines was found to be log 3 which 
indicated that changes in alkyl chain length had a greater effect on the 
cmc of these compounds than anionic or cationic surfactants. The polar 
heads of anionic or cationic surfactants repel one another but those of 
amphoteric agents have mutual attraction. Increase in alkyl chain 
length therefore has a greater effect on molecular aggregation when there 
is attraction rather than repulsion at the polar heads. Thus, the desatura
tion of charges (see III) is probably responsible for the lower cmc values 
and the greater effect of alkyl chain length on the cmc of the betaines 
than on corresponding anionic and cationic surfactants.

The alkyl betaine hydrochlorides showed similar cmc values and 
changes in cmc with alkyl chain length (see Table IV) to the free betaines. 
Thus the salts may be regarded as completely hydrolysed in aqueous 
solution.

The envisaged surface of the alkyl betaine micelle in aqueous solution 
(see Fig. 5) will provide a polarising surface for susceptible molecules.

Acknowledgement. R.J.W. gratefully acknowledges a Research Student
ship from D.S.I.R.
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A method is described for the fluorimetric estimation of desmethylimi- 
pramine (dmi), an active metabolite of imipramine, in plasma. The 
plasma levels of dmi were followed in six patients over a period of 
4 weeks during the treatment of endogenous depression. The results 
suggested that there was an inverse relation between the mean plasma 
dmi concentration and the weight of the patient. Two to 3 weeks 
treatment with dmi was necessary before the blood platelet 5-hydroxy- 
tryptamine was significantly lowered, whereas an improvement in 
symptoms, if it occurred, usually took place earlier.

Investigation into the biochemical actions of drugs used in the treatment 
of depression has received an impetus since the discovery that many anti
depressant drugs inhibit monoamine oxidase. The rise in brain amines 
of animals after treatment with these drugs has been postulated to account 
for their therapeutic activity (Bums and Shore, 1961). Since it is im
practicable to follow the levels of 5-hydroxytryptamine (5-ht) in human 
brain, the levels of 5-ht in the blood platelets have been measured in 
patients receiving antidepressant drugs. Those drugs which inhibit 
monoamine oxidase cause an increase in platelet 5-ht (Pletscher and 
Bernstein, 1958) whereas imipramine (Marshall, Stirling, Tait and Todrick,
1960), which has no inhibitory action on monoamine oxidase, causes a 
fall in platelet 5-ht.

The fact that only a proportion of depressed patients respond to treat
ment with antidepressant drugs could be due to individual failure of 
absorption. An estimate of the amount of drug in the plasma is therefore 
desirable before attempting to correlate behavioural response with 
biochemical effects.

Clinical investigation of desmethylimipramine (dmi) has followed the 
observation of Gillette, Dingell, Sulser, Kuntzman and Brodie (1961) that 
imipramine owes its activity to this metabolite. Brodie, Dick, Kielholz, 
Poldinger and Theobald (1961) and Meduna, Abood and Biel (1961) 
showed that dmi produced improvement in the mood of some depressed 
patients after only 2 days treatment, in contrast to imipramine which may 
take 2 to 3 weeks to produce any effect; on the other hand Oltman and 
Friedman (1962) found that dmi required 7-10 days to exert its therapeutic 
action.

We report the first stage of an attempt to correlate the behavioural 
effects of dmi with the level of the drug in the plasma and of 5-ht in blood 
platelets.

Methods

Blood was collected and a saline suspension of the platelets obtained by 
differential centrifugation by the method of Marshall, Stirling, Tait and
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Todrick (1960). Platelets were counted by the method of Dacie (1956). 
The plasma, containing anticoagulant solution, was collected separately 
and both plasma and platelet suspension were stored at —15°.

Estimation o f Desmethylimipramine
d m i differs chemically from imipramine only by the absence of one 

methyl group from the terminal nitrogen atom. Gillette, Dingell and 
Quinn (1960) have described a method for the estimation of imipramine 
in human plasma and found concentrations of 0-1-0-6 /xg./ml. in patients 
receiving 150-300 mg. daily; they noted losses due to adsorption on glass 
in the heptane extraction procedure which they used (Quinn, personal 
communication). A protein precipitation procedure has therefore been 
tried in an attempt to avoid this difficulty. It was soon found that 
tryptophan, present in plasma to the extent of 10 /xg./ml. (Duggan and 
Udenfriend, 1956) and fluorescing strongly with a peak at 280/360 mp. 
(uncorrected instrument reading), was liable to interfere, and subsequently 
preliminary investigations were made with d m i solutions containing 
tryptophan at the expected level. It was observed that the tryptophan 
fluorescence was high at neutral pH but much less in strong alkali, whereas 
the d m i fluorescence was lowest in acid solution and increased progressively 
with rise in pH. The following procedure was therefore adopted.

The plasma is diluted 1 in 5 with normal saline and 1 0  ml. is mixed 
with saline (1 -0 ml.) or standard d m i in saline (1 -0 ml.) in a 3 ml. centrifuge 
tube. 5 per cent zinc sulphate heptahydrate (0-4 ml.) is added followed 
by 0-3n  barium hydroxide (0-3 ml.) (sodium hydroxide is not satisfactory; 
see Somogyi, 1945) with immediate mixing by inversion (6-8  times). 
After standing 20 min. in a refrigerator, the tube is centrifuged for 20 min. 
at 3,000 r.p.m. in an iced bucket (see Marshall and others, 1960).

Exactly 1 m . of the supernatant is transferred to a quartz cuvette and 
the fluorescence measured in a spectrophotofluorimeter (Aminco-Bowman), 
at a setting of 280/360 m/x without altering the pH and at a setting of 
280/440 m/x after the addition of 0-25 ml. 5n  sodium hydroxide. Standards 
and blanks are run concurrently using plasma obtained from the same 
patient on the two days preceding the commencement of therapy.

The net fluorescence due to d m i or its metabolites is obtained by 
deducting the reagent blank and the residual fluorescence due to trypto
phan. The ratio of the fluorescence due to tryptophan in alkali at 
280/440 m/x to that in neutral solution at 280/360 m/x, determined in the 
presence of the reagents, was found to be 0 029.

Estimation of 5-Hydroxytryptamine
The protein precipitation procedure of Weissbach, Waalkes and 

Udenfriend (1958) developed for estimations in whole blood is applied to 
the platelet suspension; 10 per cent zinc sulphate monohydrate (0-3 ml.) 
and 0-42n  sodium hydroxide (0-3 ml.) are added to a 2 ml. aliquot of the 
saline suspension of platelets, the tube being shaken after each addition. 
After 20 min. in a refrigerator the tube is centrifuged for 20 min. at
3,000 r.p.m. in an iced bucket. Exactly 1 ml. of the supernatant is

CLINICAL CHEMISTRY OF DESMETHYLIMIPRAMINE
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transferred to a quartz cuvette and the fluorescence measured in a 
spectrophotofluorimeter (Aminco-Bowman) set at 300/550 mp. both before 
and after acidification with concentrated hydrochloric acid (sp. gr. 
H  8; 0-3 ml.).

Acidification has been found to quench the blank fluorescence partially 
and the net fluorescence due to 5-ht  has been taken as “fluorescence in 
acid solution —0-7 x fluorescence in neutral solution” for both unknown 
and standard solutions. Two standards are run with each batch (0-4 ¡.igj 
ml. 5-ht  creatinine sulphate =  0174 /xg./ml. free base) and the duplicares 
from each platelet suspension are run in different batches.

This method (Crosti and Lucchelli, 1962; Todrick, 1962) gives results 
agreeing with those obtained by the extraction procedure of Brodie, 
Tomich, Kuntzman and Shore (1957). However, owing to the omissian 
of the extraction procedure, interference with the 5-ht  estimation by the 
drug being studied is more liable to occur.

d m i being less fluorescent in acid than in neutral solution would, if 
present in effective concentration, produce a high blank reading but a 
negligible alteration in the fluorescence due to 5-h t  after acidification; 
it would therefore cause a fictitiously low 5-ht estimate. The mean blank 
reading for pre-treatment bloods was 0 037 in arbitrary units (23 estima
tions); for bloods taken during treatment the mean blank was 0-034 
(72 estimates); this indicates that interference has not occurred.

The effect of dm i on the estimation of 5-h t  in aqueous mixtures sub
jected to the precipitation procedure has been checked. For d m i con
centrations of 10, 1, 0-1 jug./ml., the estimation of 5-ht  expressed as a 
percentage of the 5-ht  found in the absence of d m i, gave 44, 93, 97 per 
cent respectively. Thus the 1 yug./'ml. concentration of d m i will affect 
the estimation of 5-h t . However, the platelet button containing adhering 
plasma occupies a volume of approximately 0-1 ml. before being diluted 
to 5 ml. with saline. This means that the plasma d m i is diluted 50-fold 
before the 5-ht  is estimated. The only way in which dm i could be present 
in amounts sufficient to interfere would be if it were concentrated in the 
platelets (as is 5-h t). Long and Lessin (1962) investigated this possibility 
with a series of drugs including imipramine and found no evidence of 
uptake against a concentration gradient.

CELIA M. YATES, A. TO DRICK  A N D  A. C. TAIT

R esults

Six female patients recently admitted to one ward of the hospital 
formed the group studied. The mean time interval between admission 
and commencement of therapy was 9 days. All six patients suffered 
from symptoms of depression and not all were first admissions. They 
received dm i (Pertofran: Geigy) orally in tablet form. The dosage sche
dule was 75 mg. for the first 3 days (in three doses at 9 a.m., 2 p.m. and 
6 p.m.), 100 mg. on the fourth day, 125 mg. on the fifth day and 150 mg. 
on the sixth and subsequent days. Blood samples were taken on 4 or 
5 days in the first week and thereafter at 7-day intervals. Blood was also 
collected from three controls (staff) not receiving the drug.
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Effect o f Acetylsalicylic Acid Preparations on d m i Estimation
After the observation of an unexpectedly high level of the drug in 

patient No. 5 at the end of the third week, it was discovered that this 
patient had received codeine compound tablets, containing 24 grains of 
acetylsalicylic acid in the 24 hr. before sampling. This compound 
fluoresces strongly in alkaline solution (peak 320 410 m/x uncorrected 
instrument reading). Two previous high figures, one in a patient and one 
in a control, which had been discounted as anomalies arising from a new 
technique, were scrutinised. Patient 2 had started on acetylsalicylic acid 
for rheumatoid arthritis a few days previous to the high level although 
the duration of therapy was not known. Control A admitted that he 
had probably taken the drug 1 or 2 hr. before collection of the sample 
showing an apparent high level of d m i. The apparent d m i concentrations 
(/xg./ml. plasma) from two controls who received 10 grains of acetyl
salicylic acid were: 25-3, 37-5, 10-7, 009 for subject A and 19-8, 39-5,
16-2 and 0 02 for subject D at 2, 7, 24 hr. after dosage.

TABLE I

Plasma e>mi (/xg . /m l .) in patients on therapy and  in controls

CLINICAL CH EM ISTRY OF DESM ETH YL IM IPR AM INE

Patients Controls
Dose

Day (mg.)* 1 2r 3 4 5 6 A B C
! 75 008 _ _ 008 015 0-20 010 002 —0-02
2 75 0-35 0-22 — 002 019 0-32 — 0-02 0-04 —0-10
3 75 0-23 — — 0-28 019 — (0-44)i -0 1 9 —

3 or 4i 100 — 014 — 0-50 — 0-36 (79 0) + — -0 0 3
0-30

5 125 0-40 089 — — 0-75 — — 0-23 -0 1 0
6-8 150 — — — 0-74 0-54 0-56 — 0-03 -0 0 9

13-15 150 0-83 1 -24 — 0-79 (43-6) 0-70 — 003 006
20-22 150 0-82 (13-0» 0-86 1 -34 0-53 0-79 005 (0-65)§ 003
27-29 150 0-70 1-51 0-66 0-82 0-69 — 006 0-06 —

Mean at 150 mg. 
Clinical response

0-78 1-38 0-76 0-92 0-59 0-68 005 033 -0 0 4

at 14-21 days M uderate Slight Moderate Slight Moderate Moderate
Bodyweight

63-6 55-3(kg.)** 79-4 46-7 560 52-2

Footnotes:
* The dose refers to the total amount of dmi taken in the 24 hr. immediately before sampling, 
t Due to blood being collected from some patients regularly at 9 a.m. and from others at 2 p.m. the 

dose on the 24 hr. preceding the third day could be either 75 or 100 mg.
X Subject known to have been taking acetylsalicylic acid about this time (see text).
§ Subject has no recollection of having taken acetylsalicylic acid at this time.
|| Omitting all figures in brackets.
\\ Samples after 150 mg. from this patient were withdrawn 3 days earlier than stated under “day.”
** Weights were obtained retrospectively from the ward records; they include clothing.

Relation of DMI Plasma Levels to other Factors 
Plasma levels of d m i in patients and controls are given in Table I. 

Mean values for the group at different dose levels are plotted in Fig. 1. 
After reaching the maximum (150 mg.) daily dose, the levels for a given 
patient remain fairly constant for three weeks. The range of 0-59 /xg./ml. 
to 1-38 /xg.'ml. for the group is not excessively wide. The number of 
cases is rather small to expect any significant correlation with clinical
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results. In fact, on simple clinical assessment patients 2 and 4 responded 
less well than the others; their mean plasma dm i levels at 150 mg. were the 
highest in the series. Ordinarily, some degree of improvement—largely 
represented by an increase in psychomotor activity—was evident at one 
week and a noticeable therapeutic effect by 10-14 days.

CELIA M. YATES, A. TO DRICK  A N D  A. C. TAIT

F i g . 1. Effect of dosage level on d m i  plasma concentration. Figures in brackets 
are number of estimates on which value is based.

There is however a strong suggestion of an inverse relation between the 
mean final plasma concentration and body weight. The correlation 
coefficient t10 = —0-55 (for P =  0-05, t10 = —0-57).

Platelet 5-h t  Levels in Patients Receiving dmi

The physiological factors affecting platelet 5-h t  level are not well 
understood and considerable day-to-day variation sometimes occurs in 
individuals even when they are not receiving drugs known to affect 5-ht  
metabolism. In one patient (No. 4) the pre-treatment levels were less 
than half the lower limit of normality and all data from her have been 
omitted. The remainder had normal pre-treatment levels (Tocrick, 
Tait and Marshall, 1960) with a mean of 018 jug./ml. of whole blood.

Data from each individual have been converted to percentages of her 
mean pre-treatment level and these subsequently grouped. The change 
in 5-h t  level during therapy is shown in Fig. 2. The length of the bar 
on each side of a point is the product of the standard error of the mean 
and t for P =  0-05 for the appropriate number of degrees of freedom.
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Fig. 2. Effect of d m i  on blood platelet 5-ht level.

D iscussion

It has been shown that the antidepressant drug imipramine is meta
bolised in the oody both by successive déméthylation of the nitrogen 
atom on the side chain, and by hydroxylation followed by glucuronide 
formation ; a compound involving both pathways has also been isolated 
from the urine (Herrmann, Schindler and Pulver, 1959; Herrmann and 
Pulver, 1960).

It has been suggested (Gillette and others, 1961) that the antidepressant 
action is due :o the first product of déméthylation, desmethylimipramine, 
the subject of this paper, and that this substance produces a more rapid 
therapeutic effect.

The fluorescence spectra and quantum efficiencies of imipramine and 
desmethylimipramine are so similar that the estimation of these indivi
dually in a mixture would involve considerable difficulty. The choice of 
desmethylimipramine for this study of the correlation between biochemical 
and behavioural response to antidepressant medication was made partly 
with a view to avoiding this difficulty ; however, it now appears that the 
metabolite produced by the further déméthylation of dmi also possesses 
the same fluorescence characteristics, though the hydroxylated metabolite 
does not (Haydu, Dhrymiotis and Quinn, 1962); the plasma levels quoted 
therefore refer ro total dmi and its demethylated metabolite.

From the point of view of the hypothesis that differential clinical 
response is due to failure in absorption this is not so critical. The plasma 
content of dmi is a small fraction of the total present in the body (Herrmann 
and Pulver, 1960) but it is reasonable to assume and the data suggest that 
after 2-3 weeks on a fixed dosage schedule equilibrium conditions exist. 
The concentrât:on range 0-59-T38 /xg./ml. observed does not indicate any 
major failure cf absorption in any individuals. Indeed if the apparent
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inverse relation between plasma dmi concentration and body weight should 
be confirmed this would mean that the actual amount absorbed would 
vary even less between patients than the individual plasma levels suggest. 
The hypothesis is therefore not supported by the evidence so far presented.

Haydu and others (1962) have recently reported briefly on a similar 
investigation made with imipramine. They observed a significantly 
higher mean plasma “iminodibenzyl” level in four patients who failed to 
respond. Our clinical observations do not contradict this unexpected 
conclusion.

The reduction in platelet 5-h t  level which occurs during dmi therapy 
appears to follow much the same time course as that caused by imipramine 
(Marshall and others, 1960). The relationship of this to the clinical 
response is a matter of uncertainty since Kivalo, Rinne and Karinkanta
(1961) and Schanberg and Giarman (1962) have observed that imipramine 
causes a slight rise in the brain 5 -h t  levels of rats, though much less than 
that caused by amine oxidase inhibitors. Himwich, Costa and Himwich
(1961) have however found in dogs a fall in free 5 -h t  coupled with a rise 
in bound 5 -h t . There was little overall change in the amount of 5 -h t  
in the hippocampus, pons and midbrain, but a fall in the amygdala and 
a rise in the caudate nucleus.
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The even distribution of non-conjugated paracetamol in the tissue 
waters of the dog has been confirmed. The mean tissue water: 
plasma water concentration is IT. A technique for the determina
tion of non-conjugated paracetamol in man has been devised from 
existing methods. It has increased sensitivity and is applicable to the 
routine determination of a large number of samples. This method 
determines only non-conjugated paracetamol, the sulphated and 
glucuronated conjugates do not interfere with its accuracy, and it gives 
results comparable with previous methods. In man, 45 min. after 
oral administration of paracetamol, the whole blood: plasma con
centration ratio is virtually constant at IT, indicating that the deter
mination of non-conjugated paracetamol in whole blood should give 
a satisfactory indication of tissue level.

T h e  only detailed study which appears to have been made on the distribu
tion of paracetamol (A-acetyl-p-aminophenol) in tissues (Brodie and 
Axelrod, 1949) was done using one dog given phenacetin by mouth. 
Paracetamol levels were determined because these workers had previously 
shown it to be the major metabolite of phenacetin. Subsequently, 
Clark (1951) demonstrated that the metabolic pathways of paracetamol 
in man and the dog were similar. Because of the limited evidence 
available we have repeated the work of Brodie and Axelrod on the tissue 
distribution of paracetamol in the dog.

The original analytical method of Brodie and Axelrod was used. 
A modification of this was subsequently used for the estimation of blood 
concentrations in man.

E x per im en ta l  M eth od s

Tissue Studies o f Paracetamol in Dogs 
Five dogs were given 300 mg./kg. paracetamol by mouth. After 2 hr. 

they were killed by intravenous pentobarbitone. The dose and time were 
chosen so that the tissue concentrations of the drug could be compared 
directly with those of Brodie and Axelrod (1949) for non-conjugated 
paracetamol values after administration of an equivalent dose of phena
cetin.

Determination of tissue levels was made by the method of Brodie and 
Axelrod (1948, 1949), except that the pH for extraction was changed 
because it gave unsatisfactory results for liver homogenates. Tissues 
were homogenised in OTn hydrochloric acid, and the homogenate 
neutralised and buffered at pH 6-6, before the extraction of non-conju
gated paracetamol. By adding known amounts of the drug to tissues 
from treated animals, recovery was found to be 86 — 3 per cent from liver
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homogenate to which 6-96 mg./kg. had been added and 96 +  4-5 per cent 
for muscle homogenate to which 6-96 mg./kg. had been added.

Results from the tissues of the treated animals are in Table I. The 
figures have also been calculated to give the proportion of paracetamol 
in tissue water related to its concentration in plasma water—assuming 
that water represents 92 per cent of the total plasma, and that the tissue 
water contents per cent are: liver 72, kidney 77, heart 76, spleen 75, 
lung 76 and muscle 73. These figures were also used by Brodie and 
Axelrod (1949).

TISSUE CO NC ENTRA TIO NS OF PARACETAM O L

Analytical Techniques in Man
Because the method of Brodie and Axelrod (1949) was found to be 

unsuitable for large numbers of samples, a method was devised which 
was a combinat on of the procedures of Lester and Greenberg (1947) and 
of Brodie and Axelrod (1948). The detailed method is described below. 
Essentially, whole blood is triturated with sodium sulphate to give a dry 
friable mass from which free paracetamol can be extracted with ether.

TABLE I
Tissue levels of paracetamol in dogs 2 hr . after an oral dose of 300 mg./kg .

(Values given as mg./kg. net weight o f tissues)

Dog, sex and wt. (kg.)

Tissue
Mean
s.e.

Brodie
and

Axelrodi
A

7, 8-5
B

M, 11-2
C

M, 11-7
D

M, 10-1
E

M, 10-7
Plasma 169 156 103 123 147 140 4- 12 96
Liver* 210 130 120 112 149 144 ± 18 99
Kidney 228 159 108 116 136 149 ±  22 104
Heart 204 132 92 113 133 135 ±  19 79
Spleen 178 109 86 96 115 117 ± 16 80
Lung 182 114 99 101 127 125 ±  15 88
Brain§ 176 135 83 87 140 124 ±  17 82
Muscle 179 139 95 99 146 132 ±  16 69
Fat§ 24 21 13 14 18 18 n- 2 —

Tissue water : plasma water concentratior ratios
Liver 1-59 1-06 1-51 1-15 1-29 1-32 -  0-10 1-32
Kidney 1-62 1-21 1 -25 1-12 1-10 1-26 4- 0-09 1-29
Heart 1-47 1-02 1 08 111 1-09 1-15 -  0-08 1-00
Spleen 1-29 0-85 1 -02 0-95 0-96 1-01 -4- 0-07 1-00
Lune 1-30 0-88 116 0-99 1-05 1-07 4- 0-07 1-11
Brain 1-23 1-01 0 95 0-83 1-12 1-03 4- 0-04 1-00
Muscle 1-34 112 1-16 1-01 1-25 1-18 4- 0-06 0-90
Fat 0-26 0-25 0-23 0-23 0-23 0-24 -  0-01 —

Meant 1-43 1-02 1-16 1-02 1-12 1-09
±  s.e. 0-06 i 0-05 = 0-07 ± 0-04 i 0-04- 0-064

* Value recorded corrected for 86 per cent recovery; all other tissues assumed to give 100 per cent 
recovery.

t Excluding fat.
i  Only one animal, therefore no deviations can be calculated. The dose was 2-7 g. phenacetin; weight 

of dog not stated.
§ The final coloured solutions obtained from brain and fat were almost invariably opalescent. This 

was compensated by leading their optical density at 600 mu. and subtracting the value so obtained from 
the reading at 515 rag. The reading of the diazo compound per se at 660 mrj. is negligible, but the standards 
are routinely read the same way for this comparison.

Paracetamol is mainly excreted as the sulphate ether (about 67 per cent) 
and as the glucuronate (about 33 per cent), (Lester and Greenberg, 1947), 
and it seemed desirable to ensure that these metabolites would not 
interfere with :he determination of non-conjugated drug. Addition, at
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the level of 50 /xg./ml., of either of these substances to whole blood, and 
to whole blood containing a standard amount of paracetamol was found 
not to increase the level of non-conjugated drug determined.

A number of samples were analysed by the methods of Brodie and 
Axelrod (1949) and also by the modification finally adopted. The results 
are shown in Table II. By analysing whole blood samples containing 
known amounts of drug over an extended period, the percentage standard 
deviation of the method, at the levels of 10, 20 and 40 /xg./ml. whole blood 
was established as ±5-7 per cent.

TABLE II
Comparison between methods of assay for non-conjugated paracetamol

J. R. GW ILT, A. ROBERTSON A N D  E. W. M cCH ESNEY

Subjects
Modified method 

txg./ml. whole blood
Brodie and Axe'.rod 

method
pLg./ml. whole blood

A ........................ 24-6 25-4
B ........................ 14-0 15 8
C ........................ 5-5 5-8
D ........................ 16-9 16-8
E ........................ 17-4 18-0
F ........................ 12-4 11-3
G ........................ 24-3 22-6

Reagents. Sodium sulphate (anhydrous granular), ether (Analar), 
OTn sodium hydroxide, 40 percent sodium hydroxide, a-naphthol reagent, 
hydrochloric acid, «-butanol, isopentanol, and potassium chloride 
(Analar).

The ether and isopentanol were purified by shaking successively with 
40 per cent sodium hydroxide, water, 10 per cent hydrochloric acid and 
water; they were finally dried with anhydrous sodium sulphate.

The a-naphthol reagent was prepared by reacting 1 ml. of 5 per cent 
ethanolic solution of a-naphthol with 10 mg. of potassium dichroma.e 
and 1 ml. of 2n hydrochloric acid for 3-5 min. 19 ml. of 5 per cent 
ethanolic solution of a-naphthol were then added.

Procedure. Anhydrous granular sodium sulphate was added slowly 
to a sample of whole blood (2 ml.) with mixing until a dry friable mass 
was obtained. After standing for 5 min. the mass was extracted in a 
Soxhlet thimble for 1 hr. with purified ether (100-150 ml.) containing 
T5 per cent of purified isopentanol. The extract was reduced to 50-70 ml. 
by evaporation on a steam-bath and then extracted with portions of 
aqueous 0 -1 n  sodium hydroxide (5 ml., 2 ml.). The combined aqueous 
extracts were treated with concentrated hydrochloric acid (1-5 ml.) and 
heated in 4 in. diameter test tubes, covered with glass marbles, for 45 mir. 
in a boiling water-bath. The solution was cooled to room temperature 
(25°), a-naphthol reagent (5 drops) and 40 per cent sodium hydroxide 
(2-5 ml.) were added and the mixture allowed to stand for 2-3 min. The 
solution was then saturated with solid potassium chloride and extracted 
with butanol (5 ml.). The extract was dried with anhydrous sodium 
sulphate to give a clear solution and the developed colour read on a 
spectrophotometer at 635 m/x. The paracetamol content of the original 
blood was obtained from a standard graph prepared by the addition of
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known amounts of the drug to whole blood, and treatment by the fore
going method.
Relationship of Whole Blood to Plasma Levels in Man 

In the original blood level studies reported by Brodie and Axelrod 
(1948, 1949), Lester and Greenberg (1947), Weikel (1958) and Carlo, 
Cambosos, Feeney and Smith (1955), whole blood or plasma levels were 
used, although none of these workers made any specific reference to the 
ratio between lie two. It was therefore of interest to determine this 
ratio for man. Assays for paracetamol in blood and plasma from 9 
subjects 45 min. after administration of 1 g. of the drug, are recorded in 
Table III, together with the ratios. This ratio remains virtually constant 
at about IT, whatever the amount of drug in the blood and plasma.

TABLE III
SINGLE ASSAY OF PARACETAMOL FROM BLOOD AND PLASMA 45 MIN. AFTER 

THE ADMINISTRATION OF 1 G. PARACETAMOL

TISSUE CO NC ENTRA TIO NS OF PARACETAM O L

Subject Whole blood [xg./ml. Plasma ;i.g./ml. Ratio
1 4-5 4-5 10
2 26-6 25-5 104
3 12-8 13-5 0-95
4 17-3 15-8 109
5 180 17-3 104
6 25-2 21-5 117
7 20-2 18-3 Ml
8 24-8 22-1 Ml
9 23-2 22-1 105

Mean 1062

D iscu ssion

In dogs, paracetamol is distributed evenly in all the tissues with the 
exception of fat. The mean values were higher than those reported by 
Brodie and Axelrod (1949); this may, however, be explained by the fact 
that these authors administered the drug as phenacetin and only part of 
this would have been converted to paracetamol at the time the dog was 
killed. Nor did they state the weight of the animal.

A more important finding was the confirmation that the mean tissue 
to plasma concentration ratio (again excluding fat) in the dog is slightly 
above unity throughout. In other words, the compound showed no 
special preference for any one tissue but occupied all of the available 
water space.

In man, we have demonstrated that the ratio between whole blood and 
plasma concentration is also close to IT. It follows that an estimate of 
tissue levels should be obtained by a simple determination of whole blood 
or plasma concentration—especially as Clark (1951) has shown that the 
drug is dealt with in similar fashion in both species.

The analytical method we now recommend for the examination of 
large numbers of samples has been shown to give results comparable to 
those of Lester and Greenberg (1947), and Brodie and Axelrod (1949), 
but with a spectrophotometric sensitivity about 2\ times greater. 
Previous work has assumed that only non-conjugated paracetamol is
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estimated. We have demonstrated that the two major conjugated forms 
of paracetamol do not interfere with the estimation of non-conjugateddrug.
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Paracetamol tablets from different sources showed widely differing 
absorption patterns in man. As judged by a blood concentration at 
45 min. of less than 10 /xg./ml. whole blood, low absorption was usually 
found in 25 oer cent of subjects. This may be reduced to less than 
10 per cent ty  a new paracetamol/sorbitol tablet. This combination 
produced higher average blood levels at 45 min. than crushed tablets 
of paracetamol. There appears to be a relation between the absorption 
of the drug and both age and weight; this variation can be reduced 
by paracetarrol/sorbitol.

T he work of Lester and Greenberg (1947) and Brodie and Axelrod (1948, 
1949) established that paracetamol is the metabolite of acetanilide and 
phenacetin whic r is responsible for the analgesic and antipyretic effects 
of these compounds. Subsequently, paracetamol was studied by Clark
(1951), Batternan and Grossman (1955), Carlo, Cambosos, Feeney and 
Smith (1955), Comely and Ritter (1956), Orkin, Joseph and Helrich
(1957) and Weikel (1958). Its absorption characteristics in man have 
now been further investigated.

M ethods
Analytical Procedure

The analysis of non-conjugated paracetamol in whole blood was made 
using the method of Gwilt, Robertson and McChesney (1963).
Organisation of Panel

Because of the large number of venopunctures required, several panels 
of human volunteers were obtained from a large available population of 
both sexes between the ages of 20 and 50. There were 20 subjects in 
Panel 1, 52 in Panel 2, 144 in Panel 3 and 54 in Panel 4. A more detailed 
study of blood concentrations was made on Panel 4 and its composition 
is therefore giver below.

Composition of Panel 4, 26 males, 28 F emales 

Age
20-25 yr. 25-30 yr. 30-35 yr. 35-40 yr. 40-45 yr. 45-50 yr. 

7 17 7 7 7 9

Weight
7-9 st. 9-11 st. 11-13 st. 13-15 st.

(44-57 kg.) (57-70 kg.) (70-83 kg.) (83-95 kg.)
8 26 14 6
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Administration o f Drug
Volunteers were instructed to take no medication in the 24-hr. period 

before the experiment. A random sampling showed that paracetamol 
was absent at the beginning of the experiment. A standard product was 
needed as a reference and therefore the most widely prescribed preparation 
of paracetamol was selected (Product P). Two 0-5 g. tablets were taken 
whole or powdered (No. 12 mesh) with 100 ml. of water. The drug was 
taken either on an empty stomach or 1-2 hr. after a breakfast of cereal, 
toast and a beverage. In comparative studies, tablets were given on 
successive days at the same time after the meal. Unless otherwise specified, 
all experiments were made after this standard meal.

At various intervals after taking the drug, 5 ml. samples of venous 
blood were withdrawn from the arm and immediately transferred to an 
oxalated container and shaken. The analysis was then made on a 2 ml. 
sample as soon as possible, the remainder of the blood being kept for 
duplicate assay where necessary.

R esults

Using the 20 subjects in Panel 1, blood samples were withdrawn at
0-5, 1, 1-5 and 2-5 hr. after taking the drug. The average blood concen
tration at each of these times with their standard errors is shown in Fig. 1.

F ig 1. Average blood level (20 subjects) with ±  s.e. Dosage 1000 mg. paracetamol 
as tablets (Product P).

The highest average concentration in the blood was reached between 
30 and 90 min. As individual peak times varied, an arbitrary standard 
time of 45 min, was selected for future comparisons.
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Absorption Distribution of Paracetamol
The standard dose of the drug (1 g.) was taken by the 144 subjects in 

Panel 3, blood samples being withdrawn at 45 min. after administration. 
The results are shown in Fig. 2 as a coarsely grouped histogram. The

ABSORPTIO N CHARACTERISTICS OF PARACETAM O L

F ig . 2. Blood level distribution after administration of 1000 mg. paracetamol as 
Product P (144 subjects).

mean concentration was found to be 16 /xg./ml. whole blood (s.e. 0-60). 
The results were further grouped into quartiles with approximate ranges 
of 0-10 /xg./ml. (first quartile), 10-20 /xg./ml. (second and third quartiles), 
over 20 /xg./ml. (fourth quartile).

The second and third quartiles represent an approximate range of the 
mean of the whole distribution f  one standard deviation.

On this basis it was inferred that blood concentrations below 10 fig. I ml. 
and above 20 /xg./ml. whole blood probably represented poor and high 
absorption respectively. The low blood levels were not due to rapid 
excretion of the drug (unpublished observations).

Thirty-five o:' the panel of 144 subjects (24 per cent) would therefore 
appear to be low absorbers of paracetamol.

Blood Levels After Taking Other Paracetamol Tablets
Because of the high proportion (24 per cent) of subjects with a blood 

concentration of less than 10 /xg./ml., seven other paracetamol products 
were studied. Samples of these, labelled K to R, were assayed for their 
physical characteristics. Weight, disintegration time and content of drug 
were within the limits recently laid down for the official B.P. standard.

Using Panel 2, each product, equivalent to 1 g. of drug, was given to 
each subject at a standard time, a single blood sample being withdrawn 
at 45 min. The means and standard errors are shown in Table I. The 
results indicate that most of the paracetamol products produced a mean 
blood concentration at 45 min. of 15-16 /xg./ml. 95 per cent confidence 
limits for the means of the 8 products tested are 2-02 /xg./ml. and there is 
obviously no significant difference between the means of Products L, M,
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TABLE I
M ean blood levels, /¿g ./ml. whole blood, 4 5  min. after administration of
EIGHT PARACETAMOL PREPARATIONS IN  A DOSE OF 1 G . E A C H  RESULT IS AN AVERAGE

OF 4 5  SUBJECTS

J. R. GW ILT, A. RO BERTSO N, L. G O L D M A N  A N D  A. W. B L A N C H A R D

Product
Mean.
l-ig./ml.

Standard error, 
ij-g./ml.

K 12 6 0-75
L 150 0-94
M 150 0-78
N 15 4 0-87
O 16 2 0-93
P* 160 0-60
Q 18 0 0-82
R 19 3 0-83
Grand Mean .. 15-9 j 0-82

* Average of 144 subjects.

0 10 20 20+ 0 10 20 20+
Paracetamol p.g./ml. whole blood

Fig. 3. Blood level distribution for eight currently available paracetamol tablets 
(dose 1000 mg.).
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N, O and P. The mean for product K, is significantly smaller than the 
rest (P<0-05), while that for R is significantly greater than the rest 
(P<0 05); Product Q also approaches a significant difference at the 95 per 
cent level.

In Fig. 3, the results are shown as coarsely grouped histograms. As 
judged by a 45 min. blood concentration of less than 10 jug./ml. whole 
blood, the range of poor absorption varies from 8-39 per cent of all 
subjects tested. With most of the products (L, M, N, O and P), poor 
absorption occurs in approximately 25 per cent of subjects. Because of 
the marked variation in absorption of these products, a compound was 
sought which would reduce the percentage of poor or low absorbers.

ABSORPTION CHARACTERISTICS OF PARACETAM O L

F i g . 4 .  Average blood levels ( 5 4  subjects) with ±  s.e. for paracetamol and paracet- 
amol/sorbitol w id e  tablets, 1 0 , 2 0  and 4 5  min. after administration (dose 1 0 0 0  mg.).

A, Paracetamol tablets whole.
B, Paracetamol tablets crushed.
C, Paracetamol/sorbitol tablets whole.

Studies on a New Paracetamol Tablet
It has been previously reported (Boger, Brashear and Gavin, 1959, and 

Herbert, Bierfass, Wasserman, Estren and Brody, 1959), that the absorp
tion of some drugs can be increased by the hexahydric alcohol, sorbitol. 
Experiments were therefore made using varying amounts of sorbitol and 
paracetamol and, eventually, a tablet containing 500 mg. paracetamol 
and 100 mg. sorbitol was submitted to comparative blood studies. This 
new tablet had an acceptable disintegration time (B.P. method).
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As variations in the results from whole tablet studies may be due purely 
to disintegration phenomena, a comparison of whole tablets with crushed 
tablets was also made. The 54 subjects in Panel 4 were used, the tablets 
being taken on an empty stomach. Blood samples were withdrawn at 
10, 20 and 45 min. Three preparations were compared, viz., the new 
paracetamol/sorbitol tablet, whole, and paracetamol (Product P) whole 
and crushed. The order of administration of the three preparations was 
randomised to eliminate order effect.

The average blood concentrations for these three preparations are 
shown in Fig. 4, each point on the curve being an average of 54 readings, 
together with the standard errors for paracetamol (whole) and paracetamol/ 
sorbitol. The results were submitted to analysis of variance to test their 
significance and the calculations are given in Table II. The analysis of

J. R . GW ILT, A. RO BERTSO N, L. G O L D M A N  A N D  A. W. B L A N C H A R D

TABLE II
A nalysis of variance between paracetamol tablets whole, paracetamol

TABLETS CRUSHED AND PARACETAMOL/SORBITOL TABLETS

Source Sum of squares d.f. Mean square Variance ratio
Between subjects 11,791-94 53 (222-49)
Between times .. 6,854-41 2 (3,427-20)
Between products 1,111-85 2 (555-93)
TxS Interaction .. 3,331-79 106 31-43 1-69*
TxP Interaction 291-38 4 72-85 3-91 *
SxP Interaction .. 5,018-81 106 47-35 2-54*
TxSxP ............................................. 3,949-17 212 18-63
Total 32,349-39 485

* Significant at P<0-001.

variance of the results from 10, 20 and 45 min. samples showed that both 
the combination and crushed drug alone were significantly better absorbed 
(P <  0-05) than whole tablets of the drug alone at 10 and 20 min. At 
45 min., however, paracetamol/sorbitol was significantly better absorbed 
(P <  0-05) than paracetamol, either crushed or whole.

As these were studies on an empty stomach, the combination was then 
given to the 52 subjects in Panel 2, so that a true comparison could be 
obtained with the results from the other products tested. Tablets were 
given at the same time interval after a morning meal as in other studies. 
The results shown in Fig. 5 in histogram form may be compared with 
Fig. 3.

0 10 20 20 + 
Paracetamol ¿¿g/ml. whole blood

F i g . 5. Blood level distribution 45 min. after administration of paracetamol/sorbitol
tablets (dose 1000 mg.). Compare Fig. 3.
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With paracetamol/sorbitol the number of low or poor absorbers was 
reduced to 6 per cent. The average blood concentration at 45 min. was 
20-8 ug./ml. whole blood (s.e. 0-84), which is significantly higher (P <  0-05) 
than the grand mean recorded for the 8 products previously tested 
(Table I).

Effect o f Other Variables
Weight. The results from Panel 4 (54 subjects) for the drug as whole 

and crushed tablets and with sorbitol as whole tablets (Fig. 4) were 
examined for the effect of weight. For all presentations, blood concentra
tion was found to be lower in the six subjects weighing 83-95 kg. and 
higher in the eight subjects weighing 44-57 kg. The difference was 
further investigated by calculating regression coefficients. Each of these 
was found to be highly significant (P <  0-001). They are expressed 
graphically in Fig. 6. There is obviously no difference between crushed

ABSORPTIO N CHARACTERISTICS OF PARACETAM O L

0)o
J
E

o

Weight (stones)

F i g . 6. Comb ned graph of trend lines for regression of blood level on body weight. 
(Dose 1000 mg ).

A, Paracetamol tablets whole.
B, Paracetamol tablets crushed.
C, Paracetamol/sorbitol tablets whole.

tablets of paracetamol and whole tablets of paracetamol/sorbitol. The 
difference between paracetamol whole tablets and the combination, 
however, approaches significance at a 95 per cent level. It may be 
therefore that :he dependence of blood concentration on weight can be 
improved with crushed tablets or with the combination.

Age. Using the same data, an assessment was made of the effect of age. 
The results are expressed graphically in Fig. 7.

Both for whole and crushed tablets, absorption appeared poorest in 
the younger and older age groups and best in age groups 30-40; whereas 
with paracetamol/sorbitol there was an approximately linear relationship 
between age and blood concentration.

Dose size. To test whether a similar reduction in poor absorption 
could have been achieved more simply by increasing the amount of 
paracetamol, 1,500 mg. (as Product P) was given to 50 of the subjects in 
Panel 4. The tablets were taken on an empty stomach and the results 
compared with those previously obtained for 1,000 mg. of drug alone and 
with sorbitol.
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As expected, increasing the dose to 1,500 mg. produced a higher average 
blood concentration (23-8 /xg./ml. whole blood, s.e. 1-40), than either
1,000 mg. of drug or drug plus sorbitol. However, the increased dose 
did not reduce below 10 per cent the number of those subjects with a 
blood concentration of less than 10 /rg./ml. whole blood.

J. R . GW ILT, A . RO BERTSO N, L. G O L D M A N  A N D  A. W. B L A N C H A R D

Fig. 7. Average of 10, 20 and 45 min. readings related to age groups.
•-------------- - Paracetamol/sorbitol tablets.
--------------- Paracetamol tablets crushed.
------------- Paracetamol tablets whole.

Stomach contents. The results on absorption from an empty stomach 
and after a normal meal were analysed to determine the effect of stomach 
contents on absorption. For whole tablets of product P the results were 
15-9 and 16-0 and for the combination 20T and 20-8 pg./ml. respectively. 
There is no significant difference for paracetamol or paracetamol/sorbitol 
whether taken on an empty stomach or after a meal. However, the 
differences between drug alone and in combination under both conditions 
are highly significant (P <  0-001).

D iscussion

We have shown previously (Gwilt and others, 1963) that the tissue levels 
of paracetamol may be inferred from blood level estimations. As judged 
by a 45 min. blood concentration of less than 10 jug./ml., the average figure 
for poor absorption was about 25 per cent with various paracetamol 
preparations. A new paracetamol/sorbitol tablet produced higher blood 
concentrations than the drug alone and thus raised the blood concentra
tions of subjects who previously had low levels to a concentration com
parable to that of subjects who absorbed the drug well. Similarly, the 
average blood concentration at 45 min. was found to be 20-8 jug./ml., a 
significantly higher level than had been obtained with ordinary tablets 
tested in comparable dosage.
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Indeed, at 45 min., paracetamol/sorbitol was significantly better 
absorbed than the drug alone as crushed or whole tablets. It is interesting 
to speculate on these findings. If the addition of sorbitol acted merely 
as a dispersal agent, then the absorption patterns of the new tablet should 
resemble that of a crushed tablet. From our studies, it would appear that 
sorbitol, in addition to dispersal, acts in some way on the metabolism of 
the drug.

It could be maintained that the same advantage might be achieved more 
simply by the administration of a larger dose of paracetamol but we have 
shown that even in a dose of 1,500 mg., it does not reduce the percentage 
of low absorption more than can be achieved with the combination for a 
lesser dose of ti e drug.

Comparing the three types of medication, paracetamol whole and 
crushed and paracetamol/sorbitol, with respect to age and weight, there 
was an inversely linear effect on blood concentration with increasing 
weight, i.e., the heavier the subject the lower the blood concentration. 
Although this is what would normally be expected, this dependence 
could be reduced either by crushing the tablet or by using the combination. 
There also appeared to be a dependence on age, the best absorption with 
the drug alone taking place in those subjects between the ages of 30-40. 
With the combination, however, there was an approximately linear 
relation between age and blood concentration, a finding to be expected for 
both preparations because the metabolic rate is likely to be higher in the 
younger than in the older subject. There is no obvious explanation for the 
poor results in the younger and older subject with paracetamol.
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The effect upon the analgesic action of reserpine of central nervous 
system stimulants and of drugs affecting the metabolism of catechol- 
and indole-amines as measured in mice by a hot-plate method has been 
analysed. The analgesic effect, which has a maximal intensity 48 hr. 
after injection of the alkaloid, is partially or totally counteracted by 
mao inhibitors, LSD-25 and 5-hydroxytryptophan. Central nervous 
system stimulants given to reserpinised mice before each test were 
effective in reducing the reaction time to the heat stimulation only 
24 and 48 hr. after reserpine. d o pa  showed no significant ability to 
reduce the analgesic effect of reserpine. In the light of these findings 
a suggestion has been made that 5-hydroxytryptamine rather than 
catecholamines would be involved in the mechanism of the analgesic 
effect due to reserpine and since central nervous system stimulants are 
able to reduce this action initially but are ineffective later, part of the 
effect is thought to be due to sedation of the animals, the participation 
of the stimulants being confined to a direct antagonism against the 
sedation. The lasting analgesic effect is supposed to correspond to a 
lack of 5-hydroxytryptamine in the cerebral structures.

In a previous publication (Leme and Rocha e Silva, 1961) we described 
experiments in mice which showed increased reaction time (r t ), under the 
influence of reserpine, to exposure to a hot-plate at 55°. This prolonga
tion of the r t  developed slowly, being maximal 48 hr. after the injection 
of reserpine, and returning slowly to normal levels 5-6 days after treat
ment. That this effect was due to a central analgesic effect was supported 
by the observation that reserpine potentiates morphine 2 hr. after their 
injection, while 24 to 48 hr. after reserpine its effects sum with those of 
morphine. The analgesic effect of reserpine differs from that of mor
phine, in being of slow onset and persistent for days, while that of mor
phine develops quickly and disappears after 1-2 hr. Since reserpine is 
known to deplete tissues of their catechol- and indole-amines (Pletscher, 
Shore and Brodie, 1956; Paasonen and Vogt, 1956), it seemed logical to 
assume that its analgesic effect might be related to its amine-releasing 
activity in the central nervous system. An interesting coincidence is the 
similar times needed for the replenishment of catechol- and indole-amines 
in the central nervous system after depletion by reserpine, observed in 
rabbits by Pletscher, Shore and Brodie (1956), and the return to normal of 
the r t  in mice submitted to thermal stimulus.

We have now  attem p ted  to  am plify o u r know ledge o f  the possible m ech
anism  o f  the analgesic ac tion  o f  reserpine by  analysing th e  ac tion  o f  com 
p ounds w hich m igh t in terfere w ith  the  m etabolism  o f  5 -hydroxy tryp t
am ine (5-h t ) an d  catecholam ines, such as inh ib ito rs o f  m onoam ine
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oxidase (mao), 5-hydroxytryptophan (5-h t p ), 3,4-dihydroxyphenylalanine 
(d o pa ), LSD-25 and other central nervous system stimulants, such as 
sympathomimetic amines or bemegride.

M aterials a nd  M ethods

Male white mice, 15 to 20 g., were tested by the hot-plate (55°) method 
(Leme and Rocha e Silva, 1961). The r t  was measured from the moment 
the animal was placed on the plate until it presented a sign of discomfort 
characterised by a licking of both front paws simultaneously or a sudden 
jump.

Solutions in distilled water were prepared in concentrations such that 
each animal received a maximum of 1 ml. injected intraperitoneally.

Reserpine was given in a single dose of 5 mg./kg. of the drug. The rt  
was measured 24, 48 and 72 hr. after the injection of reserpine in all 
instances.

Animals treaced with mao inhibitors and reserpine received two divided 
doses of the inhibitors 24 and 2 hr. before reserpine and the rt  was 
measured as described.

Animals, previously injected with reserpine, received central nervous 
system stimulants in three doses, each given 30 min. before the tests for r t .

Mice treated with reserpine and LSD-25 were distributed into two 
groups: one received reserpine and a single dose of LSD-25 30 min. 
before the first exposure to the hot-plate; the other received reserpine and 
then a dose of LSD-25 was given 30 min. before each of the three rt tests.

Animals treated with 5-h t p  or dopa  received a dose a day for 3 days 
before the reserpine. The r t  was then measured as described.

A control group (no treatment) of 100 animals was exposed to the 
hot-plate three times at intervals of 24 hr. The r t  had a mean ±  s.e. 
of 10-0 fiz 0-4 sec. in the first exposure, 11-9 ±  0-5 sec. in the second 
and 12-3 ±  0-6 in the third.

The follow ing substances w ere u s e d : reserpine, ip ron iazid , DL-trans-2- 
phenylcyclopropylam ine (SKF385), phen ip razine , A '-2-m ethyl-1,4-benzo- 
dioxane-JV-benzylhydrazine ta r tra te  (2596 IS), m ethylam phetam ine hyd ro 
chloride, ephedrine su lphate , bem egride, D-lysergic acid d iethylam ide 
ta rtra te  (LSD-25), D L-5-hydroxytryptophan, DL-3,4-dihydroxyphenyl- 
alanine.

EFFECT OF CNS STIM U LA N TS O N RESERPINE ACTIO N

R esults

Effect o f reserpine on r t  at 55°. We confirmed the previous results 
(Leme and Rocha e Silva, 1961) showing that reserpine in a single 
injection prolongs the r t  for several days.

Ninety animals treated with reserpine showed an increase in rt  (Table 
I) when compared with a control group (100 animals). The maximum 
increase is around 48 hr. after the injection of the drug, returning to 
normal after a few days. The observations were limited to 72 hr. after 
the injection.

Effect o f mao inhibitors on rt  at 55° of reserpine-treated mice. All four 
mao inhibitors, given before reserpine, counteracted partially or totally
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TABLE I

R eaction times of a group of animals injected with 5 mg./kg . reserpine,
COMPARED WITH A CONTROL GROUP

Reaction time (sec.)

Treatment
24 hr. after 
reserpine 

(mean ±  s.e.)
48 hr. after 
reserpine 

(mean ± s.e.)
72 hr. after 
reserpine 

(mean ±  s.e.)
Number of 

animals
Reserpine : 5 mg./kg. (single dose) 16-9 ±  10 26-7 ±  1-3 18-2 ± 0-8 90
Controls (no treatment) 1st exposure 

10 0 ±  0-4
2nd exposure 
119 ± 0-5

3rd exposure 
12-3 ±  0-6 100

the prolongation of R T  produced by reserpine. Table II summarises the 
results.

Forty-five animals were given iproniazid, 200 mg./kg., in two equal 
doses 24 and 2 hr. before reserpine showed a significant reduction of r t .

Fifty animals received SKF385, 4 mg./kg., in two equal doses 24 and 
2  hr. before reserpine showed a decrease in the r t  mean values.

TABLE II
R eaction times of animals submitted to combined treatment: mao inhibitors +

reserpine

Treatment before 5 mg./kg. 
reserpine

Reaction time (sec.)
24 hr. after 
reserpine 

(mean ±  s.e.)
48 hr. after 
reserpine 

(mean ±  s.e.)
72 hr. after 
reserpine 

(mean ±  s.e.)
Number of 

animals
Iproniazid, total dose: 200 mg./kg. .. 12-5 ±  0-7 17-9 ±  0-9 14-8 -  0-7 45
SKF 385, total dose: 4 mg./kg. 10-6 ±  0-5 14-6 ±  0-8 12-6 -  0-6 50
Pheniprazine, total dose: 4 mg./kg. .. 9-7 ±  0-4 11 1 ± 0-5 9-6 0-5 50
2596 IS, total dose: 20 mg./kg. 9-4 ±  0-4 10-7 ±  0-4 10-7 0-5 50

Fifty animals were injected with two doses of pheniprazine, 2 mg./kg., 
24 and 2 hr. before reserpine. This drug proved to be more potent than 
SKF385 (weight/weight) in reducing the r t  mean values.

Two doses of 2596IS, 10 mg./kg., 24 and 2 hr. before reserpine in 50 
animals were effective in reducing the r t  mean values.

TABLE III
R eaction times of animals submitted to combined treatment : 

R eserpine -I- cns stimulants

Reaction time (sec.)

Treatment
24 hr. after 
reserpine 

(mean ±  s.e.)
48 hr. after 
reserpine 

(mean ±  s.e.)
72 hr. after 
reserpine 

(mean ±  s.e.)
Number of 

animals
Reserpine: 5 mg./kg. -j- methyl- 

amphetamine: 3 doses (10 mg./kg./ 
24 hr.) .................................. 15-1 ±  11 20-3 ±  1-2 16-7 ± 11 50

Reserpine: 5 mg./kg. + ephedrine: 
3 doses (10 mg./kg./24 hr.) .. 12 0 ±  1-4 16-5 ±  10 16-3 ± 10 50

Reserpine: 5 mg./kg. + bemegride: 
3 doses (1 mg./kg./24 hr.) .. 9-4 ±  0-7 16 6 ±  1-4 17-3 ±  1-6 50
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Effect o f central nervous system stimulants on RT at 55° of reserpine- 
treated mice. Methylamphetamine and ephedrine, 10 mg./kg., and 
bemegride, 1 mg. 'kg., injected 30 min. before the tests on the hot-plate in 
three groups of 50 animals previously treated with reserpine, caused a 
decrease in the mean values of rt , methylamphetamine being the least 
potent (Table III).

Effect o f LSD-25 on rt at 55° of reserpine-treated mice. After reserpine, 
a single dose of 500 ¿ng./kg. LSD-25, 30 min. before the first exposure to 
the plate, or three daily doses of 500 /¿g./kg. 30 min. before the rt tests, 
were effective in  reducing the mean values of the rt . N o significant 
difference was seen between the two groups (50 animals in each group) of 
mice. Thus, a single dose injected at the onset of the assay was as potent 
as three doses of the drug, given at 24 hr. intervals, decreasing the rt 
values of reserpine-treated mice, as seen in Table IV.

EFFECT OF CNS STIM U LANTS O N RESERPINE ACTIO N

TABLE IV
R eaction times of mice submitted to combined treatment : 

RESERPINE — LSD-25

Reaction time (sec.)

Treatment
24 hr. after 
reserpine 

(mean ±  s.e.)
48 hr. after 
reserpine 

(mean ±  s.e.)
72 hr. after 
reserpine 

(mean ±  s.e.)
Number of 

animals
Reserpine: 5 mg./kg. — LSD: one 

dose (500 ptg ./kg.)........................ 12-6 ±  0-8* 16 0 ± 1-2 15*3 =  10 50

Reserpine: 5 mg./kg. -r LSD: 3 doses 
(500 p.g./kg./24 h r .) ........................ *00O-II 15-3 ±  10f 13*7 -  0-91 50

* 45 m:n. after 1st dose LSD. f  45 min. after 2nd dose LSD. $ 45 min. after 3rd dose LSD.

Effect o f 5-htp and dopa on rt at 55° of reserpine-treated mice. Three 
doses of 5-htp, 100 mg./kg./24 hr., to 95 animals, before reserpine, 
reduced the rt values (Table V), while dopa similarly injected into 75 
animals showed no ability to reduce the rt prolonged by reserpine 
(Table V).

TABLE V
R eaction times of animals submitted to combined treatment : 

5-htp or dopa and  reserpine

Reaction time (sec.)

Treatment
24 hr. after 
reserpine 

(mean ±  s.e.)
48 hr. after 
reserpine 

(mean ±  s.e.)
72 hr. after 
reserpine 

(mean ±  s.e.)
Number of 

animals

5 -h t p : 3 doses (100 mg.,kg./24 hr.) +  
reserpine: 5 mg./kg. . 13-5 ±  10 16-6 ±  10 14-3 ±  0-9 95

DOPA: 3 doses (100 irg./kg./24 hr.) 
-r reserpine: 5 mg.'kg. 20-9 ±  16 20-9 ±  1-3 20-2 ±  13 75

Conclusions and D iscussion

Our results show that the analgesic action of reserpine, as measured in 
mice by a prolongation of rt when the animals are exposed to a hot-plate 
at 55°, is influenced by drugs given in association with the alkaloid.
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The mao  inhibitors, iproniazid, SKF385, pheniprazine and 2596IS, 
decreased the rt values. No attempt has been made to relate the potency 
of these drugs to the analgesic action of reserpine.

The central nervous system stimulants were also able to reduce the 
analgesic effect. This reduction was observed 24 and 48 hr. after reser
pine, but no significant reduction was seen 72 hr. after the alkaloid. 
Since methylamphetamine and ephedrine are also inhibitors of mao 
(Gaddum and Kwiatkowski, 1938; Blaschko, 1952), at least part of their 
action could be due to this effect. However, bemegride which is devoid 
of such an action has been shown to be more potent in reducing rt after 
reserpine than the sympathomimetic amines.

LSD-25 displays a potent inhibitory effect upon the analgesic action of 
reserpine. No difference was observed when used as a single dose or 
with repeated daily doses.

5-h tp  greatly inhibited the analgesic effect of reserpine, while dopa had 
no action.

The analgesic action of reserpine as measured by the prolongation of 
the rt when mice are exposed to the hot-plate, shows peculiarities that 
might be discussed in the light of the above findings. The maximum 
effect is attained 48 hr. after the injection of the drug, and therefore might 
be interpreted as an indirect consequence of the action of the drug upon 
the physiological status of the reacting structures, either locally or in the 
central pathways for the painful stimuli. Since reserpine is known to 
deplete tissues of their stores of catechol- and indole-amines, the prolonga
tion of the rt to heat stimulation, might be due to such a depletion in the 
central nervous system. In that case, the changes in rt observed after 
reserpine might reflect the degree of depletion of those amines in the brain. 
Interference by drugs affecting the metabolism of catechol- and indole- 
amines might give information about such a mechanism.

We have demonstrated this analgesic effect to be inhibited by mao 
inhibitors. Though catechol-0-methyl transferase is concerned with the 
first step in a major metabolic pathway of adrenaline and noradrenaline 
(Axelrod, 1957; Axelrod and Tomchick, 1958), the inhibition of mao 
has been demonstrated to effect a rise in the levels of these amines in 
tissues (Shore, Mead, Kuntzman, Spector and Brodie, 1957; Leroy and 
Schaepdryver, 1961). In a parallel way, the 5-h t  content of brain tissues 
is increased when mao inhibitors are administered to animals (Pletscher, 
Goschke, Gey and Tholen, 1961; Spector, Shore and Brodie, 1960). 
If these drugs are given before reserpine, there is less depletion of catechol- 
and indole-amines (Weil-Malherbe, Posner and Bowles, 1961; Brodie, 
Pletscher and Shore, 1956). That mao inhibitors are effective in reducing 
the analgesic effect of reserpine could be taken as an indirect suggestion 
of the role played by catecholamines and 5-h t  in this analgesic action.

5-h tp  besides being a precursor of 5-h t , easily penetrates the blood- 
brain barrier. This drug was found to strongly reduce the analgesic act on 
of reserpine. This could be additional evidence of the role of 5-h t  in 
this action.

As far as the participation of catecholamines is concerned, d o pa , :he

J. G ARC IA LEM E A N D  M. RO CH A E SILVA
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precursor of these amines, which behaves like 5-h t p  in relation to the 
blood-brain barrier, did not reduce significantly the rt of reserpine- 
treated mice. Rather, it potentiated the effect of reserpine in the first 
24 hr. This could lead us to doubt a relation between a lack of cate
cholamines and the analgesic effect of reserpine, or at least to exclude a 
primary role for them in this phenomenon.

LSD-25 has been demonstrated by Freedman (1961) and Freedman and 
Giarman (1962) :o induce a rise in levels of rat brain 5-h t  and to stimulate 
repletion of 5-h t  after reserpine release. If we assume that depletion 
of 5-h t  could play a role in the production of the analgesic effect, we could 
easily understand the action of LSD-25 in our experiments. Neverthe
less, we have to remember that LSD-25 is a potent central stimulant and 
that we have seen central stimulants to be effective in reducing the anal
gesic action of reserpine.

The facts mentioned above suggest that 5-h t  more than catecholamines 
would be involved in the mechanism of the analgesic action of reserpine. 
Depletion of 5-h t  after reserpine injection seems to be closely related to 
this action. This fact does not allow us, however, to postulate that 
decreased levels of 5-h t  in the central nervous system are the cause of 
analgesia.

EFFECT OF CNS STIM U LA N TS O N  RESERPINE ACTIO N

0£

24 48 72
Hr. after reserpine

F ig . 1. Theoretical interpretation of the effects of the c n s  stimulants and m ao  
inhibitors upon the r t  of animals submitted to a single injection of reserpine. The 
data are taken from Tables I and II.

Since central nervous system stimulants are able to reduce the rt 
increased by reserpine, one might assume that part of the effect observed 
is due to sedation of the animals clearly seen in the first period after the 
administration of reserpine. As these drugs had much less or no effect 
at the second and third periods, when reserpine has already been partially 
or totally eliminated, it might be thought that the effect of the central
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nervous system stimulants is confined to a direct antagonism of the seda
tion produced by reserpine, and therefore has little to do with the more 
lasting analgesic effect possibly due to a lack of 5-ht in the cerebral 
structures. A pictorial interpretation of the phenomenon is presented in 
Fig. 1, in which the shaded zone corresponds to the sedation effect which 
might be completely counteracted by the central nervous system stimu
lants (bemegride and ephedrine). Along these lines, the antagonising 
effect of the inhibitors of mao (pheniprazine and 2596IS) would extend 
over both phases of the phenomenon, as it is known that they are also 
stimulants of the central nervous system. However, with the experi
mental set up we have used we could not measure the exact contributions 
of the two phases of the phenomenon to the observed extension of the 
rt, and the scheme of Fig. 1, only sets the limits beyond which a simple 
sedation would not be enough to explain the delayed analgesic effect 
induced by reserpine.
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Buffered and unbuffered solutions o f apomorphine hydrochloride in 
physiological saline were incubated at 30° for 61 days and samples 
were periodically withdrawn for both chemical and biological assay. 
Within the limits o f  error, the loss o f  biological activity, as measured by 
the gradual diminution in the intensity o f the pecking syndrome in 
pigeons, paralleled the disappearance o f unoxidised apomorphine. The 
un-buffered solutions retained approximately 75 per cent o f  their bio
logical activity after 60 days incubation while solutions buffered 
initially to pH  6-0 were biologically inert after 16 days. Extracted and 
concentrated degradation product(s) when administered to pigeons 
failed to in:ti ate the pecking syndrome.

The development of a readily quantifiable measure of pecking syndrome 
intensity in pigeons provides us with a useful and reliable index of apo
morphine potency. From an experimental point of view, it has proven 
to be more reliable than those methods utilising the familiar emetic 
response in dogs. Using the pigeon assay we have been able to effectively 
monitor apomorphine activity under a variety of experimental conditions 
and have adapted the method as a screening procedure for potential anti
emetic, psycholeptic agents (Burkman, 1961a, 1962). The applicability 
of such a method is based upon an apparent parallelism existing between 
the avian response and emesis in mammals.

The recent investigations of apomorphine by Kaul, Brochmann- 
Hanssen and Way (1961a,b,c), have further stimulated interest in the 
activity of apomorphine metabolites as pecking syndrome stimulants. 
The present communication describes a study undertaken to determine 
whether the products of spontaneous oxidation retain the ability to 
initiate the avian syndrome.

Experimental Methods

Solutions. Unbuffered solutions of 100 ml. quantities of 0-9 per cent 
sodium chloride contained 50 mg. of apomorphine hydrochloride. 
Buffered solutions were prepared by dissolving 50 mg. of apomorphine 
hydrochloride in 50 ml. of 0-9 per cent sodium chloride, adding 4 ml. of 
buffer, pH 6-C (Mcllvaine, 1921) and sufficient saline to make 100 ml. 
Four preparations of both buffered and unbuffered solutions served as 
experimental replicates.

Incubation. Solutions were placed in 250 ml. glass stoppered Erlen- 
meyer flasks immersed to the neck in a water bath maintained at 30 ±  0T°. 
The flasks were charged daily with oxygen and subjected to intermittent 
agitation to discourage adhesion of degradation products to the inner 
walls.
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Determination of unoxidised apomorphine. The spectrophotometric 
method of Kaul, Brochmann-Hanssen and Way (1959) was used. The 
only changes made were in the volumes of extraction solvents and buffer 
used to better accommodate the quantities of apomorphine being assayed. 
Samples from freshly prepared solutions, assayed at zero incubation time, 
served as controls. The results from subsequent determinations were 
expressed as per cent of their control. Thus, the disappearance of 
apomorphine served as the measure of chemical degradation.

Biological assay. Groups of adult domestic pigeons (Columba livia) 
of mixed sex were initially screened for apomorphine sensitivity at the
0-5 mg./kg. level and resistant animals discarded. Four birds served as 
assay subjects for each of the incubated preparations of apomorphine 
(a total of 32 pigeons). Samples of solutions were periodically removed 
and administered to birds in doses of 0-5 mg./kg., assuming a constant 
concentration of 0-5 mg. of apomorphine hydrochloride per ml. through
out the incubation period. The cumulative pecking responses evoked by 
the freshly prepared solutions (zero incubation time) represented control 
values against which subsequent measurements were compared. The 
results were expressed as per cent of control.

Quantitative assay of the pecking syndrome has been described else
where (Burkman, 1961b). All injections were made into the peritoneal 
cavity.
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Incubation time (days)

Fig. 1. Apomorphine HC1 degradation at 30°. Original concentration: 0-5 mg./ml. 
o f 0-9 per cent sodium chloride solution. —O— Unbuffered (Initial pH 5-5). 
—• — Buffered initially to pH 6 0.

Extractions o f degradation product{s). Oxidised solutions, originally 
containing 0-5 mg./ml. of apomorphine hydrochloride in 0-9 per cent 
sodium chloride, were extracted with chloroform and the chloroform 
phase washed several times with N hydrochloric acid. The blue-black 
chloroform fraction was then washed repeatedly with water, dried over 
anhydrous sodium sulphate and the solvent removed under reduced
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pressure as recommended by Kaul and others (1961d). The chloroform 
soluble residue* was suspended in water containing 2 per cent methyl- 
cellulose (1,500 cps). This suspension was intraperitoneally administered 
to pigeons in varying doses and the birds were observed for the following 
6 hr.

LOSS OF ACTIVITY OF APO M O RPH INE

R esults and D iscussion

The alterations in concentration of apomorphine hydrochloride and the 
corresponding chmges in biological activity of the preparations with time 
are graphically presented in Figs. 1 and 2. The higher pH favours more 
rapid degradation as has been demonstrated by Veit (1935) and Kaul and 
others (1959).

Fig. 2. Biological activity of degrading apomorphine HC1 in pigeons. Original 
concentration : 0-5 mg. per ml. of 0-9 per cent sodium chloride solution. Points 
represent mean Cumulative Pecking Response ±  standard error in terms of per cent 
of control. —O— Unbuffered (Initial pH 5-5). —• — Buffered initially to pH 6-0.

During the incubation period a gradual reduction in pH of all degrading 
solutions was noted. The unbuffered preparations had an initial reaction 
of pH 5-5 which progressively decreased to pH 3-6 after 61 days. Other 
preparations, buffered initially to pH 6-0, had a reaction of pH 4-6 after 
32 days, the most rapid decrease occurring during the last 16 days.

The change in ntensity of the pecking syndrome that accompanies the 
ageing of unbuffered incubated solutions is far from striking and reflects 
the very gradual inactivation of apomorphine. At the end of 61 days 
incubation, approximately 70 per cent of the original apomorphine was 
still present and this was sufficient to initiate a pecking syndrome that 
was 75 per cent as intense as that produced by the original solution. The

* 50 mg. o f  apomorphine hydrochloride (42-7 mg. apomorphine base) yielded
25 mg. o f chloroform soluble residue.
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solution, at this point, was dark green in colour with black precipitate 
detectable on the floor and walls of the container. Visual inspection 
entirely fails to give the observer a basis for estimating the degree of 
decomposition. The very rapidly developing green colour of a freshly 
prepared unbuffered solution of apomorphine hydrochloride deceptively 
impresses one with what is interpreted to be a high rate of degradation. 
It came perhaps as a surprise to Gorrell and Gray (1928) and others 
(Corbelli, 1911; Ponte, 1935) to discover that although their aged apo
morphine preparations were extremely discoloured, they nevertheless 
still retained emetic activity. On the other hand, there have been reports 
of complete loss of emetic activity upon storage for 6 months, after 
sterilising in a water-bath (Laurino, 1936) and after incubation with 
rabbit serum for 2 hr. (Takahashi, 1934). In none of the studies cited 
was a quantitative analysis performed and we therefore have no informa
tion about the actual state of decomposition. These reports on tiological 
activity changes have been based entirely upon an emetic end-point, a 
response which is difficult to make quantitative. Thus, statements 
reflect extremes only—retention or loss of emetic activity with no indication 
that there may have been a partial loss. Emesis simply does not lend 
itself readily to a graded quantitative analysis.

Our experience with the apomorphine-induced pecking syndrome has 
served to provide us with a readily measurable index of apomorphine 
activity. Initial explorations with aged unbuffered solutions seemed to 
support the observations of those investigators who failed to detect a 
loss of apomorphine potency in spite of the fact that the solutions were 
extremely discoloured. This suggested that either the degradation pro
ducts possess the same activity as the parent apomorphine or that the 
intense discoloration may actually be due to the degradation of only 
minute amounts of apomorphine. The results presented here support 
the latter explanation. The more rapidly oxidising solutions (buffered 
initially at pH 6-0) lost activity much faster than unbuffered solutions. 
In both types of preparations the loss in biological activity closely 
paralleled the disappearance of unoxidised apomorphine.

Changes in the concentration of apomorphine in the unbuffered solu
tions occurring during the first 2 days were too small to be detected by 
the biological method hence changes in activity here are not significant. 
On the other hand, after 8 days incubation no activity at all could be 
detected in the buffered preparations since the residual concentration of 
apomorphine at this time was apparently subthreshold (Burkman, 1950). 
For these reasons the curves for biological activity cannot be perfectly 
superimposed over those measuring apomorphine concentration. Within 
the range of maximal biological sensitivity, however, the two assays are 
in excellent agreement.

The chloroform-soluble component of the degradation mixture (which 
represented approximately 45 per cent of the total oxidation product) 
was administered to a total of 24 pigeons in doses ranging from 0-5 mg./kg. 
to 10 mg./kg., i.p. All doses failed to evoke a pecking response. The 
material was, in fact, devoid of all gross behavioural effect.
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C a ts  a n d  d o g s w ere  given p h o sg en e  b y  in h a la tio n  a t  a  dose  in  th e  ran g e  
o f  th e  L D 5 0 . D u r in g  th e  h o u r  o r  tw o  b e fo re  d e a th , th e  vo lu m e 
o u tp u t  o f  re sp ira to ry  t ra c t  flu id  in creased  so m e 30-fo ld  in  h a lf  th e  
a n im a ls  a n d  its lip id  a n d  so d iu m  ch lo rid e  c o n te n ts  w ere s im ila r to  
th o se  o f  b lo o d  p lasm a . P o s tu ra l p u lm o n a ry  d ra in ag e  d id  n o t  au g m en t 
th e  v o lu m e  o u tp u t  o f  re sp ira to ry  tra c t  flu id  n o r  co n sis ten tly  affect 
ch em ica l o r  h is to lo g ica l m easu rem en ts  u p o n  th e  lu n g s a n d  chem ical 
m easu rem en ts  u p o n  re sp ira to ry  tra c t  flu id  a n d  b lo o d . P o s tu ra l 
p u lm o n a ry  d ra in a g e  d id  n o t  increase  th e  su rv iv a l r a te  o f  in ta c t ra ts  
exp o sed  to  p h o sgene . T h e  a b ility  o f  th e  a n im a ls  to  excre te  su ch  large  
v o lum es o f  re sp ira to ry  t ra c t  flu id  a p p e a re d  to  b e  d u e  to  a  m ark e d  
reserve c ap a c ity  o f  th e  c ilia ry  d ra in a g e  m ech an ism  w hich  w as ev id en tly  
n o t  affec ted  by  th e  dose  o f  p h o sg en e  given to  these  an im als .

In  a previous communication Boyd and Perry (1960) reported a sixty 
fold increase in the volume output of respiratory tract fluid just before 
death in the late symptomatic period of pulmonary oedema induced by 
inhalation of phosgene in rabbits. The sodium, chloride, and lipid 
levels of this respiratory tract fluid were insignificantly different from 
those of the animal’s blood plasma. It appeared possible that the pres
ence of such huge amounts of plasma-like fluid might tax the capacity of 
the lungs to eliminate it and that death might be the result of failure to 
remove the fluid from the respiratory airway. It was found that postural 
pulmonary drainage did not augment the output of respiratory tract 
fluid in cats or dogs treated with phosgene nor increase the survival rate 
in albino rats so treated. The results indicate that the ciliary mechanism 
for the elimination of respiratory tract fluid has tremendous reserve 
capacity.

M e t h o d s

Techniques employed were similar to those reported by Boyd and 
Perry (1960). The animals were exposed to an estimated LD50 of 
phosgene (Spector, 1956) by the static method in a chamber of 400 litres 
capacity. The initial concentration of phosgene was varied between 
0T0 and 0-30 mg./litre, depending upon the relative humidity of the 
laboratory air and the number and weight of animals exposed at one time. 
The half life of phosgene varied with the relative humidity of air inside 
the sealed chamber; at 25 per cent relative humidity, for example, the half 
life of these concentrations of phosgene averaged 10 min. The exposure 
time was 30 min. Identical exposures were used for each group of 
animals subsequently divided into equal numbers and posturally drained 
at angles of 0°, 30°, or 50° with the horizontal.

* Present address: Faculty of Medicine, University of Manitoba, Winnipeg, 
Manitoba. Canada.
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Experiments were made upon 57 cats exposed to phosgene and upon 
12 controls not exposed. At intervals of up to 17 hr. after exposure, 
they were anaesthetized with urethane and arranged for the collection of 
respiratory tract fluid after the technique of Boyd (1954). Equal numbers 
of animals were assembled, for this purpose, on tilt tables with the long 
axis of the bcdy held, head downward, at angles of 0° (prone upon the 
belly), 30°, and 50° with the horizontal. Similar experiments were made 
upon 24 dogs, half exposed and half not exposed to phosgene. One 
hundred and twenty-six albino rats, with 30 controls, were similarly 
treated except that they were not operated upon for the collection of 
respiratory tract fluid but rather maintained in straight jackets under 
sedation with urethane at the same angles of postural pulmonary drainage.

The observations and measurements noted below were made by methods 
described by Boyd and Perry (1960). Statistical methods were those of 
Croxton (1953).

R e s u l t s

Exposure to phosgene increased the output of respiratory tract fluid, 
particularly in the hour or two before death. Postural pulmonary drain
age did not produce a further increase in the volume output of this fluid 
as shown by results summarized in Fig. 1. Not included in data averaged 
in Fig. 1 are two cats arranged in the prone (0°) position in which, during 
the hour before death, the volume output of respiratory tract fluid reached 
values Fj- and 24- thousand-fold the normal output. In confirmation of

PHOSGENE-INDUCED PULMONARY OEDEMA

Interval before death (hr.)

Fig. 1. T he m ean volum e o u tp u t o f resp irato ry  trac t fluid in cats (solid lines) and 
dogs (broken lines) exposed to  phosgene and arranged  fo r p o stu ra l pu lm onary  
drainage a t angles o f 0°, 30° and 50° w ith the  horizon tal.
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the findings of Boyd and Ronan (1942), postural pulmonary drainage 
also had no effect upon the volume output of respiratory tract fluid in 
control cats and dogs not exposed to phosgene.

The mean ±  standard deviation hours survival during which respiratory 
tract fluid was collected was 37T ±  13-9 in control cats and 8T ±3-8 
in cats exposed to phosgene. Corresponding figures in dogs were 20-5 ±
12-2 and 9-8 ±  7-3. In neither cats nor dogs was survival time related 
to the angle of postural pulmonary drainage. In albino rats exposed to 
phosgene but not arranged for collection of respiratory tract fluid, there 
were 23 per cent survivors at 24 hr. in animals held at 0C, 17 per cent at 
30°, and 30 per cent at 50° with no deaths at corresponding angles in the 
controls not given phosgene. No evidence was obtained, therefore, that 
postural pulmonary drainage increased the rate of survival of animals 
exposed to lethal doses of phosgene.

TABLE I
T h e  mSTOPATHOLOGY OF THE LUNGS IN CATS AND DOGS AT DEATH FROM PHOSGENE

INHALATION*

ELDON M. BOYD AND WILLIAM F. PERRY

Angle of drainage
Measurement 0 = 30° 50°

Cats
Oedema 2 -8  ±  1 0 2-3 ±  10 2-5 ±  1-2
Congestion 1-4 ±  1-4 0-7 ± 1-2 1-6 ±  1-5
Emphysema 2 0  ±  M 1-9 ±  1-6 1-0 ±  1-lf
Atelectasis 0  0  4- 0  0 0 1 ±  0-3 0-4 ±  0-7
Haemorrhage 0 -6  -  0 -8 0 -2  ±  0-6 0-7 ±  0-8
Contracted arteries 0-4 4- 0-7 0-5 ± 1*2 0-5 4- 10

Dogs
Oedema 4 0 ±  0-0 1*5 ±  0-51
Congestion 40 ±  00 4-0 ±  01
Emphysema 2 0 ±  0-5 2-5 ±  1-5
Atelectasis 0 -0  ± 0  0 0  0  ±  0 -0
Haemorrhage 3-0 ±  1-0 3-0 ±  1-0
Contracted arteries 0 -0  ±  0  0 0 0  ±  0 0

* The results are expressed as mean ±  standard deviation arbitrary (14- to 4 — ) units. Means in 
animals drained at 30° or 50° which differed at P = 0-05 or less from means in animals drained at 0°, by a 
t  test, are indicated thus: t-

As shown by results summarized in Table I, postural pulmonary 
drainage had no consistent effect upon the histopathologic appearance of 
the lungs at autopsy. The lumen of the trachea, bronchi, and bronchioles 
often contained an exudate but the lining mucosa appeared normal.

Postural pulmonary drainage had no consistently significant effect upon 
the sodium, chloride, and lipid content of respiratory tract fluid in control 
animals or in animals exposed to phosgene. Data supporting this con
clusion are presented in Table II. In over half of the animals there 
occurred a pre-mortem gush or marked increase in the output of respir
atory tract fluid. This group corresponded to the rabbits of Group III 
in the report of Boyd and Perry (1960). The incidence of all animals 
with a pre-mortem gush was 55 per cent in animals held at 0°, 52 per 
cent at 30°, and 62 per cent at 50°. In animals with a pre-mortem gush, 
the composition of respiratory tract fluid was almost identical to that of 
blood plasma.
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T A B LE II
Measurements upon  respiratory tract fluid*

Phosgene-treated; angle of drainage
Measurement Controls 0 ° 30° 50°

Cats
Sodium 59 4- 35 219 dr 244 159 ±  120+ 175 x  106+
Chloride 74 ± 44 280 ± 151+ 190 ±  163+ 270 ±  119+
Total lipid 60 ± 4 221 ±  119+ 272 ±  69+ 155 ±  61 +
Neutral fat 12 ± 7 52 ±  51 + 103 ± 84t 62 ± 56f
Total fatty acids 33 ± 8 130 ± 74+ 180 ±  56+ 104 ±  54+
Total cholesterol 19 -*- 8 61 ± 29+ 60 ± 36+ 32 ± I ItS
Ester cholesterol 12 ±  2 39 4- 26f 40 ±  23+ 20 dr 9+
Free cholesterol 7 + 5 22 ± 14+ 2 0  ±  8 + 12 ±  4+
Phospholipid . . 2 2  ±  10 82 ±  73+ 81 ±  51 + 48 ±  23+

Dogs
Sodium 44 4 -  18 338 ±  18+ 334 4 -  23+
Chloride 59 ±  21 381 dr 16+ 352 ±  57+
Total lipid 197 4 -  49 332 4 -  41 + 279 4 -  62
Neutral fat 53 ±  31 50 ±  38 91 ±  23
Total fatty acids 126 4 -  39 208 4 -  33+ 180 -  42
Total cholesterol 41 d r  15 53 d r  11 63 4 -  10+
Ester cholesterol 28 4 -  19 36 ±  16 46 4- 7
Free cholesterol 13 4 -  4 17 ±  4 17 ±  3
Phospholipid . . 85 d r  37 205 ± 18+ 95 ±  35

* The results are expressed as mean ±  standard deviation mg./lOO ml. of respiratory tract fluid. Means 
in phosgene-treated arimals which differed at P = 0-05 or less from means in controls, by a t test, are indi
cated thus: +. Means in phosgene-treated animals drained at 30° or 50° which correspondingly differed 
from means in phosgene-treated animals drained at 0° are indicated by S.

TA B LE III
M easurements upon blood plasma*

Phosgene-treated; angle of drainage
Measurement Units Controls 0 ° 30° 50°

Cats

S o d iu m m g. 280 ±  20 276 ±  35 294 ±  16 291 ± 14
C h lo r id e m g. 353 ±  26 368 ±  58 391 - t  24 385 ± 29
T o ta l  l ip id  . . m g . 392 ±  56 342 ±  81 334 ±  90 391 ± 117
N e u tr a l  f a t  . . m g. 86 ±  76 69 ±  63 88 ±  54 73 dr 44
T o ta l  fa t ty  ac id s m g. 242 ±  74 200 ±  59 203 ±  63 226 ± 61
T o ta l  c h o le s te ro l m g. 92 ±  31 88 ±  40 85 ±  27 105 ± 51
E s te r  c h o le s te ro l m g. 58 ±  29 51 ±  29 52 d r  20 66 ± 39
F re e  c h o le s te ro l m g. 34 ±  12 37 ±  19 33 ±  12 39 d r 15
P h o sp h o l ip id m g. 167 ±  41 151 ±  25 126 ±  511 169 4- 70
H a e m o g lo b in g- 11-5 ±  1-9 13-9 ±  3-3+ 13-8 ±  2 -6 + 14-1 ± 4 0
H a e m a to c r i t ml. 31-2 ±  3-6 38-3 ±  9 -5 f 33-8 ±  6-7 41-4 ± 11-st

Dogs
Sodium mg. 283 ± 24 262 ±  35 288 ± 35
Chloride mg. 350 4- 10 353 dr 9 369 ± 19
Total lipid .. mg. 590 ± 152 430 ±  83t 616 ± 150
Neutral fat .. mg. 182 ± 74 94 ±  22+ 136 ± 69
Total fatty acids mg. 386 4 - 105 273 ±  60+ 369 ± 99
Total cholesterol mg. 110 4 - 29 77 ±  7f 144 ± 30S
Ester cholesterol mg. 59 ± 19 48 ±  10 69 ± 28
Free cholesterol mg. 51 ± 19 29 ±  4f 75 ± 29S
Phospholipid mg. 258 ± 78 227 ±  47 291 ± 94
Haemoglobin g- 14-5 ± 0-5 29-3 ±  8-8+ 16-3 ± 6-9
Haematocrit ml. 37 0 ± 30 75-0 ±  14 0+ 45-3 dr 17-6

* The results are expressed as mean + standard deviation units/100 ml. of blood plasma, excepting 
haemoglobin and haematocrit which are per 100 ml. of whole blood. Means in phosgene-treated animals 
which differed at P = 005 or less from means in controls, by a i test, are indicated thus: f. Means in 
phosgene-treated animals drained at 30° or 50° which correspondingly differed from means in phosgene- 
treated animals drained at 0° are indicated by S.
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Measurements upon blood and blood plasma are summarized in Table
III. In phosgene poisoning there occurred an increase in the hematocrit 
and in the concentration of haemoglobin. When this was marked, as in 
dogs held at 0° angles, the concentration of plasma lipids was sometimes 
reduced. Postural pulmonary drainage did not consistently affect the 
results.

ELDON M. BOYD AND WILLIAM F. PERRY

TA B LE IV

M e a s u r e m e n t s  u p o n  t h e  l u n g s  a n d  t r a c h e a *

Measurement Units Controls
Phosgene-treated; angle of drainage

0 ° 30° 503

Cats
Periphery, water .. 
Periphery, chloride 
Periphery, iron .. 
Hilus, water 
Hilus, iron 
Trachea, water 
Trachea, iron

g. /1 0 0  g. wet wt. 
mg./g. dry wt. 
rxg./g. dry wt. 
g. /1 0 0  g. wet wt. 
txg./g. dry wt. 
g. /1 0 0  g. wet wt. 
jxg./g. dry wt.

77-7 ± M0 
10-6 ±  1-4 

561 ±  65 
76-5 ±  1-8 

425 ±  42 
69-5 ±  2-9 

124 + 43

861 ±  2*61* 
19-9 ± 2-8| 

483 4 232 
85-2 ±  2-2f 

370 ±  169 
73-1 ± 4-5| 

1 12  ±  62

85-3 ±  2-4f 
18-5 ± 3-If 

496 ±  198 
84-1 ±  2-7t 

472 ±  169 
75-2 ±  ¿-Ot 

121 ±  4S

84-2 4- 2-0t 
17-4 ±  2-9tS 

503 ±  162 
83-3 -  2-5t 

423 -  165 
70-5 ±  4-3 

125 -  40

Dogs
Periphery, water .. 
Periphery, chloride 
Periphery, iron .. 
Hilus, water 
Hilus, iron 
Trachea, water 
Trachea, iron

g. /1 0 0  g. wet wt. 
mg./g. dry wt. 
p.g./g. dry wt. 
g. /1 0 0  g. wet wt. 
[xg./g. dry wt. 
g. /1 0 0  g. wet wt. 
\J.g./g. dry wt.

78-7 ±  0-9 
9-4 ±  0-8 

852 ±  176 
77-3 ±  1-3 

723 ±  302 
69-9 ± 3-0 

104 ± 91

84-3 ±  0-3f 
16-9 ±  1-5| 

789 ±  29 
82-5 ±  T4f 

737 ± 63 
69-6 ± 1-8 

1 00  ± 2 0

81 *7 ±  2-8 
12-4 -1- 3-3S 

648 ± 154 
80-5 ±  2-7 

640 ±  68  
70-0 ±  1-8 
88  ±  10

Albino Rats
Lung, water 
Lung, chloride 
Lung, iron

g. / 100 g. wet wt. 
mg./g. dry wt. 
M-g./g. dry wt.

79-4 ±  2-8 
10-5 ±  2-0 

864 ±  327
83-2 ± 3-7t 
15-1 ±  1 *8 f 

698 + 13 If
83-2 4- 1*5+ 
12-4 ±  3 0 

548 ± 2611

84-0- 1-5+ 
13-4 4- l*6 t 

111 ±  215

* The results are expressed as mean ± standard deviation. Means in phosgene-treated animals which 
differed at P = 0 05 or less from means in controls, by a / test, are indicated thus: Means in phosgere
treated animals drained at 30° or 503 which correspondingly differed from means in phosgene-treated 
animals drained at 0° are indicated by S.

Finally, measurements upon the lung periphery, hilus, and trachea are 
summarised in Table IV. In phosgene-induced pulmonary oedema, 
levels of water and chloride were consistently increased while levels of 
iron tended to decrease. There was some evidence of a tendency for 
these changes to be less marked in animals arranged at 3(F and 50° angles. 
In a separate experiment, it was found that control albino rats held at 
these angles for 72 hr. had lower levels of whole lung water and chloride 
and higher levels of iron than had albino rats held at a 0° angle. It may 
be concluded, therefore, that changes in the chemical composition of the 
lungs induced by inhalation of phosgene were not affected by postural 
pulmonary drainage.

D is c u s s io n

Insofar as indicated by the measurements used, the course of phosgene 
intoxication in cats, dogs, and rats was essentially similar to that in rabbits 
reported by Boyd and Perry (1960). In half of the cats and dogs, there 
occurred a pre-mortem gush or marked increase in the volume output of

470



respiratory tract fluid. The sodium, chloride, and lipid contents of this 
gushed respiratory tract fluid were similar to those of blood plasma. 
Cameron and Counice (1946) found the protein content of respiratory tract 
fluid drained from the lungs after death from phosgene to be similar to 
that of blood plasma in rabbits, dogs, and goats.

At death, Tie alveolar portions of the lungs were oedematous, con
gested, and emphysematous, with areas of atelectasis, hemorrhage, and 
contracted arteries and with an increase in the levels of water and chloride. 
The trachea and bronchi were normal in microscopic appearance. The 
hematocrit and concentration of blood haemoglobin were increased, 
particularly ir dogs in which plasma lipid content was sometimes de
pressed. Cameron and Courtice (1946) reported a fall in plasma protein 
concentration in dogs exposed to phosgene. While plasma transfusions 
temporarily relieve the haemoconcentration, they increase the pulmonary 
oedema and are detrimental (Courtice and Foss, 1946).

Postural pulmonary drainage did not augment the output of respiratory 
tract fluid nor survival rate and had no consistent effect upon other 
measured signs of phosgene poisoning in the animals used. During the 
pre-mortem gash, -.he volume output of respiratory tract fluid averaged 
some thirty fo.d the normal output, indicating a very high reserve capacity 
of the lungs tc excrete respiratory tract fluid. The most important single 
mechanism for the excretion of respiratory tract fluid appears to be ciliary 
action (Boyd, 1954). There was no histological evidence of damage to 
the cilia of the bronchi and trachea in the cats and dogs used in this 
study of phosgene intoxication. When the cilia are destroyed by inhala
tion of ammmonia gas or steam, excretion is retarded and the output of 
respiratory tract fluid is increased by postural pulmonary drainage (Boyd, 
Perry and Stevens, 1944).
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/3-Phenethylamine possesses marked amphetamine-like effects which 
are demonstrable in animals pre-treated with a monoamine oxidase 
inhibitor. Like amphetamine, jS-phenethylamine induces an increase 
of coordinated spontaneous motility in mice, anorexia in rats and dogs, 
hyperthermia in mice and rats, and exhibits a difference in lethality 
between isolated and aggregated mice. These effects are seen with 
similar doses of (3-phenethylamine or amphetamine. But, unlike 
amphetamine, (3-phenethylamine does not increase coordinated 
spontaneous motility in rats.

/S-Ph e n y leth y la m in e  has weak sympathomimetic activities (Bovet and 
Bovet-Nitti, 1948) which can best be demonstrated in animals pretreated 
with a monoamine oxidase inhibitor (Griesemer, Barsky, Dragsted, Wells 
and Zeller, 1954; Rebhun, Feinberg and Zeller, 1954; Bachtold and 
Pletscher, 1957). Under these conditions the amine can also induce 
amphetamine-like symptoms of central stimulation.

The present experiments were designed to evaluate the amphetamine
like effects of (3-phenethylamine on a quantitative basis, by measuring some 
activities considered to be characteristic of amphetamine. Enhanced 
spontaneous coordinated motility, anorexigenic effect, hyperthermic 
activity and increased mortality in aggregated situations have been 
investigated.

M eth od s

A n im a ls .  The animals used were adult mongrel dogs, Wistar rats 
weighing 100 to 200 g. and Swiss mice weighing 18 to 20 g. Anorexigenic 
activity was studied in male rats and in dogs of both sexes. Female 
rats and mice were used in the study of locomotor activity and hyper
thermia. During experiments the animals were kept in a semi-dark and 
quiet room, the temperature of which was maintained from 20 to 22°.

D r u g s . Iproniazid phosphate (Hoffmann La Roche) was used as a 
monoamine oxidase inhibitor. Subcutaneous treatment with iproniazid 
was given 24 hr. before the injection of j8-phenethylamine hydrochloride 
at a dose of 200 mg./kg. (rats and mice) or 129 mg./kg. (dogs). These 
doses produce long, intensive inhibition of monoamine oxidases.

( ik )-Amphetamine sulphate (Recordati) and (8-phenethylamine hydro
chloride (Hoffmann La Roche) were used. These compounds were 
administered subcutaneously over a range of doses to allow accurate 
representation of the activity pattern. An isotonic solution of sodium 
chloride was used for control injection.

H y p e r th e r m ia .  Groups of six rats or mice were fasted for 12 hr. and 
were placed in cages measuring 45 X  40 cm. Rectal temperature was
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measured hourly during five successive hr. by means of an Electric 
Universal Thermometer of the TE2 Ellab type. Amphetamine or 
phenethylamine was injected after the basal temperature had been taken 
twice. Animals which had an abnormal basal temperature were dis
carded.

S p o n ta n e o u s  a c t i v i t y .  The method used was similar to that described 
by Dews (1953) for the study of spontaneous coordinated motility in 
mice.

Five mice or 4 rats were used at the same time in each experiment. 
The cages for mice measured 20 x  30 cm., and those for rats 45 X 30 cm. 
To avoid disturbing effects, infra-red photo-cells were used and the record
ing counters were installed in an adjacent room. Animals were injected 
subcutaneously 30 min. before being placed in the activity cages, spon
taneous motility was recorded for a 15 min. period. Control experiments 
were made at random during the series of tests. At least 20 animals were 
used at each dose level.

A n o r e x ig e n ic  a c t i v i t y  in  r a t s . Animals were trained to take food during 
8 hr. out of 24. They were kept in individual cages and generally 
developed a consistent habit of food intake within two weeks. On the 
day of the experiment a weighed meal was given to each animal immed
iately after treatment, and the amount of food intake was registered 
hourly for 4 hr.

A n o r e x ig e n ic  a c t i v i t y  in  d o g s . A technique similar to that described by 
Di Ferrante and Longo (1953) was employed. Fifteen dogs were trained to 
eat a standard meal during a single 30 min. period every day at the same 
time in the mcrning. The drugs were injected an hr. before the feeding 
time. The meal was then offered hourly in order to estimate the presence 
and duration of the anorexia. The anorexigenic action of drugs was 
evaluated by considering only those dogs which had refused meals.

T o x i c i t y .  Mice and rats were aggregated in groups of 10 in cages 
measuring 15 X 40 cm. (mice) or 25 x 40 cm. (rats). Comparative 
studies in isolated conditions were made by placing animals in individual 
cages. Drugs were injected subcutaneously and mortality was recorded 
24 hr. later. At least 10 animals were used at each dose level. The 
calculations were made according to the method of Litchfield and 
Wilcoxon (1949).

ACTIVITY OF J3-PHENETHYLAMINE

T A B LE I
A n o r e x i g e n i c  a c t i v i t y  o f  p h e n e t h y l a m i n e  h y d r o c h l o r i d e  in  n o r m a l  o r

IPRON IA ZID  PRE-TREATED RATS

Number
of

animals
Iproniazid 

(24 hr. before) 
mg./kg/s.c.

Phenethyl
amine

mg./kg./s.c.
Mean average food intake — s.e. after injection
1 hr. 2  hr. 3 hr. 4 hr.

10 Controls 6-7 ±  0-66 9 0 ± O il 10-6 -4- 0 09 12-4 ± 012
10 _ 10 6-1 ± 0-58 8-6 ±  0-61 9-7 d- 0-66 12-5 4- 010
34 2 0 0 — 5-2 ±  0-40 6 -6  ±  0-40 8-1 ± 0-44 9-5 ±  0-56
5 2 0 0 5 0-2 ± 019 2-0 ±  0 99 3-4 ±  0-99 4-2 ±  1-0
8 2 0 0 2-5 0-6 ±  0-37 4-1 ±  0 54 5-5-1- 0-97 6-3 ±  1-0
8 2 0 0 1-25 1-8 ± 0-58 4-7 ± 0 84 6-2 -t 0-70 8-1 ±  0-43
8 2 0 0 0-62 2-8 ±  0  81 5-2 ± 0-99 7-1 -t 0-76 9-8 + 0-84
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R e s u l t s

H y p e r th e r m i a .  Phenethylamine caused hyperthermia only in animals 
pre-treated with iproniazid (Fig. 1 and 2) and was more active in rats 
than in mice. In rats phenethylamine produced greater hyperthermia 
than did amphetamine. In mice this effect was short-lasting and was 
followed by hypothermia.

Hr.

Fig. 1. H ypertherm ic effect in mice. E ach p o in t on  the curves represents the 
m ean tem pera ture  o f  12-18 mice. Vertical lines indicate the s tan d ard  error. 
A, D , G , A m phetam ine (10, 5, 2-5 m g./kg., s.c. respectively). C, F , I, Iproniazid  
(200 m g./kg., s.c.) 24 hr. before phenethylam ine (40, 20, 10 m g./kg., s.c. respec
tively). B. Phenethylam ine (40 m g./kg., s.c.), E. N o  trea tm ent. H . Iproniazid  
(200 m g./kg., s.c.) 24 h r. before beginning tem pera ture  readings.

S p o n ta n e o u s  m o t i l i t y .  Phenethylamine produced an increase of 
coordinated spontaneous motility in mice pre-treated with iproniazid
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F i g . 2. H ypertherm ic  effect in ra ts. E ach  p o in t on  th e  curves represents th e  m ean 
tem pera tu re  o f  12-18 ra ts . V ertical lines indicate the  s tan d ard  erro r. A , D , G , 
A m phetam ine (10, 5, 2-5 m g./kg., s.c. respectively). C, F , I , Ip ron iazid  (200 m g./kg ., 
s.c.) 24 hr. before phenethylam ine (10, 5, 2-5 m g./kg., s.c. respectively). B. 
Phenethylam ine (53 m g./kg., s.c.). E . N o  trea tm en t. H . Ip ron iazid  (200 m g./kg., 
s.c.) 24 hr. before oeginning tem pera ture  readings.

and showed a dose-effect relationship similar to that seen with amphet
amine (Fig. 2). This effect was not observed, however, in rats. In 
this species only symptoms of excitement were evident without any 
increase of co-ordinated motility. This unexpected negative finding was 
verified repeatedly at doses of phenethylamine ranging from 1 to 50 
mg./kg.

A n o r e x ia .  Phenethylamine caused anorexia in animals pretreated with 
iproniazid; it was more active than amphetamine in rats (Tables I—II),

TA B LE II
A n o r e x i g e n i c  a c t i v i t y  o f  a m p h e t a m i n e  s u l p h a t e  i n  r a t s

Number of 
animals

Amphetamine
ng./kg./s.c.

Mean average food intake ±  s.e. after injection
1 hr. 2  hr. 3 hr. 4 hr.

49 Controls 6-2 ±  0-35 7-5 ±  0-37 8-9 ±  0-34 10-4 ±  0-42
9 5 1*5 ±  0-58 2-5 + 0-60 3 0 ±  0-57 5-2 ±  0-93

13 2-5 2-3 ±  0-36 3-6 ±  0-88 6  0  ±  0-61 7-3 ± 0-48
13 1-25 3-0 ±  0-42 4-0 ±  0-69 6 -0  ±  0-81 8-1 ±  106
13 0-62 4 0 ±  0-61 6 0  ±  0-61 8-0 ±  0-85 10 0 ±  0-96
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F ig . 3. T he effect o f  phenethylam ine hydrochloride  on the coord inated  activity
o f norm al ( O ----- O ) and  o f iproniazid  p retreated  mice ( • -------- • )  and the  effect o f
amphetamine sulphate on the coordinated activity of normal mice (X-----X).
Ordinated response expressed as ratio of count after drug to count of controls on 
same day.

less active than amphetamine in dogs when in animals pretreated with 
iproniazid, 129 mg/.kg. s.c., phenethylamine, 1-1-69 mg./kg. s.c., delayed 
food intake 2-10 hr. while amphetamine alone, 1-1-69 mg./kg. s.c., 
delayed it 3-20 hr.

TABLE III
Lethality of phenethylamine hydrochloride in normal or iproniazid pre

treated MICE IN AGGREGATED OR ISOLATED SITUATIONS

Iproniazid 
(24 hr. before) 

mg./kg./s.c.

Isolated Aggregated
Increased 
toxicity 

potency ratio
LD50

mg./kg./s.c. Slope
LD50

mg./kg./s.c. Slope
_ 420 1-7 420 1 85 Not significant

2 0 0
(280-630)

290
(1 0-2-89) 

1 26
(271-651)

28
(1 02-3-33'. 

2-8 6 10-35
(250-336) (1-06-1-48) (14-53) (1-68-4-86: (5-4-19-9)

Increased toxicity 
potency ratio Not

significant
15

(6-9-32-2)

T o x i c i t y .  The data obtained are summarised in Tables III-V. The 
LD50 of phenethylamine alone was the same in both isolated and 
aggregated mice and was not significantly different in isolated and aggre
gated rats. Toxicity increased after treatment with iproniazid. The 
enhancement was not significant in isolated mice but consisted of a 15-fold 
increase in aggregated animals. The increase of toxicity in rats was 32- 
fold in isolated, and 52-fold in aggregated animals. The enhancement of
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TABLE IV

Lethality of phenethylamine hydrochloride in normal or iproniazid pre-
TRSATED RATS IN AGGREGATED OR ISOLATED SITUATIONS

Iproniazid 
(24 hr. before) 

mg./kg./s.c.

Isolated Aggregated
Increased 
toxicity 

potency ratio
LD50

mg./kg./s.c. Slope
LD50

mg./kg./s.c. Slope
_ 750 1-34 470 1-57 Not significant

2 0 0
(614-915)

23
(1 13-1 58) 

2-23
(356-620)

9
(1-20-2 04)

4-3 2-5
(12-41) (IT 1-4-46) (5 3-15 3) (I *16—15*9) (116-5-60)

Increased Toxicity 
potency ratio 32-6

(17-60)
52-2

(29-93-9)

TABLE V
Lethality of amphetamine sulphate in aggregated or isolated situations

Isolated Aggregated
Increased 
toxicity 

potency ratio
LD50

Animals mg./kg./s.c. Slope
LD50

mg./kg./s.c. Slope
Mice .. .. 205

(164-256)
Rats .. .. 37

(30-45-5)

1*41
(1-14-1*73)

1-38
(110-1-72)

15-5
(12- 2 0 )

20-5
(17-6-23-7)

1 45
(1-20-1-74)

1-27
(0-99-1-62)

13-2
(9-4-18-4)

1-80
(1-38-2-34)

toxicity of phenethylamine in aggregated animals is therefore more 
marked in mice than in rats.

The LD50 of amphetamine in both isolated and aggregated mice and 
in isolated rats was similar to the corresponding LD50 of phenethylamine 
in mice pre-treated with iproniazid (Table V). No significant increase 
in toxicity of amphetamine was seen in aggregated rats.

D iscussion

The data reported indicate that phenethylamine, in animals pre-treated 
with iproniazid, and amphetamine are analogous to each other, both 
qualitatively and quantitatively. Phenethylamine causes anorexia, hyper
thermia and enhanced toxicity in aggregated animals. In addition, 
these effects are induced by doses similar to the doses of amphetamine 
producing the same effects.

It is known that phenethylamine, in contrast to amphetamine, is 
rapidly inactivated by monoamine oxidases (Blaschko, 1952). The fact 
that, after the inhibition of these enzymes, phenethylamine is similar to 
amphetamine, both qualitatively and quantitatively, constitutes a further 
indication that the methyl group on the a-carbon atom of the ethylamine 
side-chain is not essential for amphetamine-like activity. This methyl 
group, which differentiates the structure of amphetamine from that of 
phenethylamine, is however important in preventing inactivation of the 
molecule by monoamine oxidases. Similar conclusions have been reached, 
recently by Van der Schoot, Ariens, van Rossum and Hurkmans (1962).

As far as the spontaneous co-ordinated motility is concerned, it appears 
to be increased by phenethylamine, after a monoamine oxidase inhibitor,

477



P. MANTEGAZZA AND M. RIVA

in mice, but not in rats. The rats were clearly excited but not in a co
ordinated manner. It is difficult to explain this unexpected negative 
result since, in rats, the other effects of amphetamine and phenethylamine 
are strikingly similar.

On the other hand, iproniazid pre-treatment does not alter the experi
mental conditions necessary for the demonstration of an increased motor 
activity, since the amphetamine effect alone or after iproniazid treatment, 
changes only in intensity and not in quality.

It may be supposed that in rats, after monoamine oxidase inhibition, 
phenethylamine is transformed into a metabolite which interferes with 
the co-ordinated motor exciting activity. For instance, phenethylamine 
is known to be transformed into /?-hydroxy-j9-phenethylamine by dop
amine /3-oxidase (Pisano, Creveling and Udenfriend, 1960); this com
pound may interfere with some of the actions of ^-phenethylamine. 
Preliminary results obtained in this laboratory seem to be consistent with 
this hypothesis.
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The stability of pilocarpine hydrochloride in ophthalmic solutions after 
heating and storage, and the influence of light and of two types of 
containers on stability, have been investigated. Pilocarpine was 
assayed by a modification of a published method. In ophthalmic 
solutions szerilised by heating to 100° for 30 min. it is stable for at least 
one year a: 15-25° in the dark in bottles of good quality glass covered 
with a nylon cap. The stability of ophthalmic solutions containing 
pilocarpine and eserine during storage and after different methods of 
sterilisation was also investigated. This solution can be heated at 100° 
for 15 min. and, stored in suitable bottles, it is stable for at least 
18 months

A ccording  to the Swedish Pharmacopoeia, solutions of pilocarpine 
hydrochloride shall be sterilised by heating at 100° for 1 hr. T h e  E x t r a  
P h a r m a c o p o e ia  (1958) recommends sterilisation by autoclaving. Accord
ing to Riegelman and Vaughan (1958), the substance withstood 24 hr. of 
autoclaving (120°) with approximately 5 per cent destruction. No reports 
have been published on its stability in solutions upon protracted storage 
after sterilisation by heating or by autoclaving.

Eserine is unstable; its greatest stability was found by Hellberg (1949b) 
to be at pH values of 6 or lower. A 0-4 per cent solution of eserine 
salicylate in 2 per cent boric acid was stable for 100 days at 25°. Hellberg 
also considered that eserine solutions could not be sterilised by heating, 
whatever the pH value. Schradie and Miller (1959) have shown that it is 
possible to apply a solution with a pH of about 3 without damaging the 
cornea, if the solution does not have an unduly high buffer capacity. As 
Hellberg (1949b) indicated that the stability of unheated solutions of 
eserine might be greater at lower pH values, stability in the pH range
3-5-4-0 has been studied.

E xperimental

E f f e c t  o f  L ig h t  o n  th e  S t a b i l i t y  o f  P i lo c a r p in e  S o lu t io n s

Two glass-s:oppered volumetric flasks were filled with an 0-2 per cent 
aqueous solution of pilocarpine hydrochloride. One was stored in 
daylight and the other in the dark for 21 months at 15-25°, after which 
the pilocarpine content of each was determined.

E f f e c t  o f  H e a t in g  o n  th e  S t a b i l i t y  o f  P i lo c a r p in e  S o lu t io n s  

An ophthalmic solution of pilocarpine hydrochloride prepared accord
ing to the Swedish Pharmacopoeia (Ed. XI), (aqueous solution of 2 per 
cent pilocarpine hydrochloride with sodium chloride 0-4, and phenyl 
mercuric nitrate 0-001 per cent) was dispensed in glass ampoules or in
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the containers described by Linde (1957). These were of good quality 
glass with a cap of a polyamide, related to nylon, the top of which is 
shaped as a tube suitable for giving drops. The cap is closed with a 
stopper permanently connected to the container.*

Half the containers and ampoules were autoclaved at 110° for 30 min. 
(Swedish Pharmacopoeia method) and stored in the dark at room tempera
ture for 12 months. The rest were similarly stored without autoclaving.

Pilocarpine content and pH as well as the optical rotation of the 
solutions were determined before and after heating and storage.

S t a b i l i t y  o f  P i lo c a r p in e  a n d  E s e r in e  S o lu t io n s

It has been considered possible to stabilise eserine solutions v/ith a 
reducing agent but, as noted by Hellberg (1949a) and verified by us, the 
frequently used sodium bisulphite (N aH S03) causes a low pH, hence it 
was replaced by ascorbic acid. The ophthalmic solution studied had 
the composition: pilocarpine hydrochloride, 2; eserine salicylate, 0-2; 
sodium chloride, OT; ascorbic acid, 0T g .; sterilised water to 100 ml. 
It was dispensed in ampoules and the containers described by Linde (1957) 
and was sterilised by filtration or heating at 100° for 15 min. The content 
of pilocarpine and eserine was determined immediately and 18 months 
after sterilisation.

The storage conditions w ere: (i) in a refrigerator at 4-6°; (ii) in a dark 
room at 12-15°; (iii) protected from light in a place where the temperature 
varied with the outdoor temperature from about —10 to +30°.

A s s a y  o f  P i lo c a r p in e

Pilocarpine can be determined photometrically as the perchromate, a 
blue compound formed by treating a slightly acid solution of pilocarpine 
with potassium dichromate and hydrogen peroxide. The method adopted 
was a modification of that of Levine and Horrocks (1960).

The sample (2-00 ml., equivalent to about 4 mg. of pilocarpine hydro
chloride) is pipetted into a 125 ml. separating funnel. 20 per cent acetic 
acid AR (1-0 ml.), chloroform AR (10 ml.) and 5 per cent potassium 
chromate AR (1 ml.) is added and then, rapidly, 3 per cent hydrogen 
peroxide AR (2-0 ml.) by syringe. The funnel is immediately shaken 
vigorously for 90 sec. The chloroform phase is filtered into a 25 ml. 
volumetric flask. The extraction is repeated with chloroform (10 and 
then 5 ml.) and the filter is washed with small portions of chloroform, 
which are added to the combined chloroform extracts until the flask is 
made up to the mark. The solutions are protected from light before 
measuring. The extinction is determined within 20 min. at 560 ny. and 
the corresponding amount of pilocarpine read from a standard curve 
prepared from pilocapine solutions of known content. A straight line 
passing through the origin was obtained within the sample range 0-2- 
0-7 mg. of pilocarpine.

This procedure is also suitable in presence of eserine.
* “Sonyl” bottle.

480



OPHTHALMIC SOLUTIONS OF PILOCARPINE HYDROCHLORIDE

A s s a y  o f  E s e r in e

Eserine was. determined by a modification of a method described by 
Hellberg (1549a).

The sample (4-00 ml. containing about 8 mg. of eserine salicylate and 
80 mg. of pilccarpine hydrochloride) is pipetted into a separating funnel. 
Sodium carbonate (m , 1 ml.) is added and the solutions rapidly extracted 
with peroxide-free ether (4 x  40 ml.). The ether phases are siphoned 
from the funnel, combined, dried with anhydrous sodium sulphate and 
filtered. Sulphuric acid (OTn , 10-0 ml.) is added and the ether is eva
porated undei vacuum in a rotating evaporator in a water-bath at 35°. 
The remaining solution is transferred to a 25 ml. volumetric flask and 
water is added to the mark. 10 00 ml. is pipetted into a 50-0 ml. volu
metric flask, sodium hydroxide (m, 1-9 ml.) is added, and after standing 
for 15 min. the mixture is gently shaken mechanically about 80 times/min. 
Potassium dihydrogen phosphate, (0-1m , 20 ml.) is then added, the solutions 
made up to the mark and the extinction determined at 500 m/x. The 
corresponding amount of eserine is read from a standard curve prepared 
by the same procedure. A straight line passing through origin is obtained 
within the concentration range of 1-4 mg./ml. of eserine salicylate.

R esults and  D iscussion

A 0-2 per cent aqueous solution of pilocarpine hydrochloride showed 
no loss after 21 months in the dark and only 5 per cent loss after the same 
period in the light. The results of the other stability experiments are 
shown in Tables I and II. The optical rotation was unchanged after 
heating and storage for 12 months, indicating no transformation to 
isopilocarpine. Thus pilocarpine withstands heating at 110° for 30 min. 
and is stable for at least one year when stored at room temperature in 
the dark, even after being subjected to heat treatment.

TABLE I
Stability of pilocarpine hydrochloride after heating at 110° for 30 min.

Residual per cent 
pilocarpine 

hydrochloride pH values of solutions

Solution

After 
storage 
for 12 

months 
without 
previous 
heating

After 
heating 

and 
storage 
for 12 

months
Before
heating

Im
mediately

after
heating

After 
storage 
for 12 

months 
without 
previous 
heating

After 
heating 

and 
storage 
for 12 

months
Oculoguttae pilocarpini (Ph.S. 

Ed XI) stored in bottles 970 970 4-2 3-5 3-4 3-5
Oculoguttae pilocarpini (Ph.S. 

Ed XI) stored in an poules .. 970 970 4-2 3-7 3-5 3-5

According to Riegelman and Vaughan (1958), a solution of eserine 
salicylate containing sodium bisulphite and a small amount of citric acid 
can be sterilised by autoclaving. This could not be verified in the present 
investigation. Heating to 120° for 20 min. caused 25 per cent loss of
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eserine. The only possible method proved to be heating to 100° for 15 min. 
A preservative, e.g. phenylmercuric nitrate, should therefore be added. 
The sterility of the solution should be checked by a bacteriological test 
such as prescribed in the Swedish Pharmacopoeia for aseptically prepared 
solutions.

TABLE II
Stability of pilocarpine and  eserine in ophthalmic solutions sterilised by
FILTRATION OR BY HEATING TO 100° FOR 15 MIN. AND STORED FOR 18 MONTHS UNDER

DIFFERENT CONDITIONS

Storage conditions
pH values

Residual 
per cent 
eserine 

salicylate 
after

18 months

Residual 
per cent 

pilocarpine 
hydro

chloride 
after

18 months
Before
heating

Immediately
after

heating
After 

18 monthsTemp. °C
Type of 

containers
Sterilising
methods*

4-6 Bottle A _ _ 3-4 93 101
B 3-5 3-5 3-4 97 —

12-15 Ampoules A — — 3-3 130 101
B 3-5 3-5 3-3 133 102

Bottle A — 3-5 131 —
B 3-5 3-4 3-4 98 —

-1 0  to -f 30 Ampoules A — — 3-2 130 103
B 3-5 3-5 3-2 130 —

Bottle A — 3-2 99
B 35 3-4 3-2 130 101

A = filtration.
B = heating to 100° for 15 min.

As seen from Table II, the solution can be heated at 1003 for 15 mir. 
Stored in the containers described by Linde (1957), it is stable for at least 
18 months even under greatly varying temperature conditions.
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NEW APPARATUS
A N  A P P A R A TU S FO R  T H E  L O N G -T E R M  C O L L E C T IO N  O F  

U R IN E  FR EE F R O M  F A E C A L  A N D  F O O D  C O N T A M IN A T IO N

B y  R. T . B r it t a in  a n d  P. S. J. S p e n c e r  
F ro m  th e  R e sea rch  D iv is io n , A llen  & H a n b u ry s  L im i t e d W a r e ,  H e r ts .
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An apparatus for the long-term collection of urine free from faecal and 
food contamination has been constructed using a galvanised wire cage 
suspended above a smooth glass plate inclined at an angle such that 
food and faeces are deflected from the urine collector.

D u r in g  acute, sub-acute and chronic investigations of toxicity in small 
laboratory animals, it is often necessary to collect urine continuously for 
24 hr. or longer to enable electrolyte, protein and urea excretion patterns 
to be determined. At the same time, it is essential that the animals should 
be maintained under normal laboratory conditions and allowed free 
access to food and water. The separation of urine from faeces by means 
of urino-faecal separators has been described by Harned, Cunningham 
and Gill (1949), Draper and Robins (1956), Brittain (1959) and others. 
However, the devices described are generally suitable for short-term 
experiments only and the animals are usually deprived of food and water. 
During the c Dorse of a sub-acute toxicity test in rats, an apparatus has 
been developed that is suitable for the long-term collection of urine, 
relatively free from contamination.

F ig . 1. A pparatus fo r the collection o f urine free from  food  and faecal 
con tam ination .

The apparatus is shown in Fig. 1. A conventional galvanised wire 
mesh cage, dimensions 10 in. x  10 in. x  7 in., is suspended above a 
smooth glass p ate inclined from front to back at 45°. The glass plate is 
13 in. wide, the two parallel sides are 19 in. and 13 in. long respectively, 
whilst the diagonally cut side is about 14 in. long and has been ground 
smooth, rounded and annealed. Urine, food and faeces fall from the 
cage onto the glass plate, but because of the incline most of the food
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and faecal matter rolls off the plate and is collected underneath the 
apparatus in a flat metal tray. Urine runs down the glass plate until it 
reaches the lower edge and because of a second incline on this edge, 
flows along it towards the glass container. Bacterial growth in the urine 
is prevented by the prior addition of 0-2 ml. of a 1 per cent thiomersal 
solution. Occasionally, faecal pellets find their way into the collecting 
vessel, but this can be avoided by making the glass plate slightly oversize 
and placing the collecting vessel out of direct line to the cage. Because 
o f the shape and size of the apparatus, it is convenient to use 4 or 5 cages 
and separators together in a battery. A wooden frame at each end of 
the battery carries metal rods which pass through and support the cages; 
the glass plates are attached by screws to wooden bearers also running 
the length of the battery. In this manner, 5 cages and separators can be 
accommodated in a space 6 ft. by 3 ft.

The cages described are suitable for groups of 4 rats (up to 150 g. body 
weight). Larger groups would obviously require a larger cage, but the 
design of the apparatus is adaptable for this. Food is presented as a 
paste (equal parts food and water) in a metal box attached to the inside of 
the cage; water is allowed a d  l i b i t u m . In the average 24 hr. collection of 
urine, no more than a dozen faecal pellets and about 2 per cent of the 
initial food adhere to the glass plate. If the plate is scraped once or twice 
each day, the chance of this residue absorbing urine is minimised. It is 
estimated that approximately 80 per cent of the excreted urine is collected, 
and this is facilitated by washing the glass plate daily with a 10 per cent 
solution of a wetting agent (Teepol) and allowing this to dry on the plate.

A disadvantage of this apparatus for separating urine from food and 
faeces is the large surface area of glass from which evaporation readily 
occurs. However, by maintaining the temperature of the room at 70° F 
and ensuring absence of draughts, evaporation losses can be kept to a 
minimum. Quantitative recovery of urinary constituents left behind on 
the glass can be effected by washing down the plate with distilled water, 
and combining the urine and water fractions.

T A B LE I
E ffect of uranyl acetate on the excretion of urea, protein and  water by

INTACT RATS

Index of kidney 
function

Day of experiment
Group - 6 - 3 0 i 2 3 4 11 18

A Urine volume, 
ml./24 hr. 19 19 14 18*5 25 20-5 24 18 18

(Normal saline) Urea g./24 hr. 0-57 0-61 0-50 0-71 0-59 0-63 043 064 0-80
Total protein 

mg./24 hr. 29-9 28-5 23-5 37-7 2 1 0 38-5 2 0 2 29-4 22-3
B

(Uranyl acetate
Urine volume 

ml./24 hr. 21 14 18 2 0 36 44 44 43 23
5 mg./kg.) Urea g./24 hr. 0-63 0-58 0-74 0-26 005 Oil 0  11 0-58 0-41

Total protein 
mg./24 hr. 315 22-1 27-8 500 56-2 172-5 1613 150-9 49-7

Table I summarises the results from a typical experiment using this 
apparatus. Two groups, A and B, each of 4 male rats of initial body
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weight 120—13C g., were maintained in the apparatus for several days to 
obtain urine samples before drug treatment. Group A then received 
normal saline and group B 5 mg./kg. uranyl acetate subcutaneously, the 
dose volume injected being 1-0 ml./kg. Cameron, Burgess and Trenwith
(1947) have reported that uranyl acetate has a specific damaging effect on 
the kidney. The results of this experiment show that uranyl acetate 
causes an immediate fall in urea excretion and an increase in urinary 
volume (indicating a loss of tubular function) and a marked proteinuria 
(indicating breakdown of kidney tissue). Because this apparatus allows 
free access to food and water throughout the period of collection, changes 
in urinary constituents cannot be due to changes in diet, but to uranyl 
acetate-inducec changes in kidney function.

Using groups of 4 or 5 rats the apparatus has been found to effectively 
collect urine relatively free from faecal and food contamination. Further
more this collection of urine can be achieved without transferring animals 
from their stock cages. This is desirable because animals should not be 
subjected to a change of environment during sub-acute or chronic toxicity 
tests. The apparatus is simple, cheap, compact, easy to clean and easily 
reproducible fcr experiments using larger numbers of animals.
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LETTERS TO THE EDITOR
Effect of Hydrogen Peroxide on the Colour of the Fluorescence of Oestrone 

in Concentrated Sulphuric Acid
Sir,— O estrogens in  so lu tion  in  concentrated  sulphuric acid w hen  irradiated  

w ith  ultra-violet light have fluorescent intensities w hich differ sufficiently ;o  
allow' the detection  and differentiation o f  oestrone, oestradiol and oestrio l from  
o n e  another o n  paper chrom atogram s and for their quantitative assay (Ittrich, 
1960; Preedy and A itken , 1961). W hen dissolved in  am ounts o f  approxim ately  
1 Mg-/ml. o f  sulphuric acid, oestrone fluoresces green-yellow ; oestradiol, gold- 
yellow , and oestrio l, orange-yellow .

T he addition  o f  sm all am ounts o f  30 per cent aqueous hydrogen peroxide to  
such so lu tions affects their ability to  fluoresce : oestrone em its a  b lue fluorescence  
o f  high intensity, whereas w ith  o estr io l and oestradiol, the fluorescence is 
quenched.

T he blue fluorescence o f  oestrone w as used to determ ine its presence when  
in adm ixture w ith oestradiol and oestrio l. A  Pulfrich photom eter w ith ultra
v io let equipm ent was used w ith  a C com parator plate as a standard light source.

F rom  an ethanolic  (95 per cent w /v) so lu tion  o f  oestrone (10 Mg-/ml.), appro
priate am ounts are transferred to  Jena-glass test-tubes o f  inner diam eter 8 m m . 
T he ethanol is evaporated and each dry residue d issolved  in  93-5 per cent 
sulphuric acid (1 m l.). T his is fo llow ed  im m ediately by the addition  o f  30 per 
cent hydrogen peroxide (0 05 m l.). T ransference o f  the tubes to  the p h o to 
m eter and m easurem ent o f  the intensity o f  the blue fluorescence m ust be m ade 
after 5 min. and at a tem perature o f  22°. T hese are the optim al cond itions for  
the determ ination. T h e intensity o f  the b lue fluorescence increases for a short 
tim e after the addition  o f  hydrogen peroxide and then decreases ; it varies w ith  
the concentration  o f  sulphuric acid used, the am ount o f  peroxide added and the  
tem perature. H ence, it is necessary to  adhere strictly to  the cond itions o f  the  
procedure.

From  a graph, p lottin g  the intensity o f  the b lue fluorescence against the  
am ount o f  oestrone, a linear relation  w as found over the range o f  1CM0 fig. o f  
the drug.

O estrone can  be determ ined quantitatively in this w ay even though the  
apparatus used has a  relatively low  sensitivity. T he fluorescence o f  oestrone  
so lu tions in  sulphuric acid  w ithout the addition  o f  hydrogen peroxide is tc o  
weak to  m ake this quantitative determ ination possib le.

A leksandra Smoczkiewiczowa 
Roman Sioda

Institute o f  Inorganic and A nalytical Chem istry,
M edical A cadem y,
Poznan, Poland.
M ay 8, 1963
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The Isolation and Identification of the Major Alkaloid Present in 
T a b e r n a e m o n i a n a  p a c h y s i p h o n  Stapf. var c u m m i n s i  (Stapf.) H. Huber

Sir.— W e have iso lated  and identified an  a lkaloid  from  T. pachysiphon var 
cumminsi. T he p lant w as co llected  from  the M praiso district, G hana, the leaves 
dried below  50° and  the a lkaloids extracted by percolation  w ith  ethanol. A  
so ft extract w as prepared by d istilla tion  under reduced pressure. It w as 
disso lved  in  glacia l acetic acid and poured in to  a  large vo lum e o f  w ater with  
vigorous stirring. T he aqueous acid ic layer w as separated from  the tars and  
the to ta l bases precipitated w ith  am m onia in  the presence o f  ice. T he m ajor  
alkaloid  w as separated from  the m ixed bases by chrom atography on  alum ina  
using benzene (or ch loroform ), purified by preparing the tartrate salt w hich w as 
recrystallised from  m ethanol m .p. 220°. T he free base w as iso lated  and re- 
crystallised from  m ethanol m .p. 144-145°. A nalysis gave an em pirical form ula  
C 23H 30N 2O4. U ltra-vio let spectrum  in  absolute e th an ol gave Am a x  223 m j i  
(e =  15,600) and Am a x  302 m «  0  =  6,550). T he spectrum  was unchanged in  
acidic and  strongly basic cond itions. T he m ajor infra-red bands were at 1725 
cm .-1 and (ester carbonyl) and  at 3,350 cm ."1 (N -H -stretch in g) in  N u jo l m ull.

A  m ass spec:rom etric exam ination  o f  the a lkaloid  w as carried out and gave  
the data consistent w ith that reported by B iem ann (1962) on  a series o f  iboga  
alkaloids and w as suggestive o f  the iboga  a lkaloid  conopharyngine (I) w hich

has been iso lated  by R enner, Prins and S to ll (1959) from  Conopharyngia durissima 
(Stapf.). T h e m .p. u ltra-violet and  infra-red spectra are in  g o o d  agreem ent 
w ith  th o se  o f  R enner, Prins and S to ll (1959). A  m ixed m .p. w ith  an authentic  
sam ple o f  concpharyngine show ed  n o  depression. Sm aller quantities o f  m inor  
alkaloids have been obtained by chrom atography on  alum ina and these w ill 
be reported on  ir. due course.

Acknowledgments. T he authors w ish  to  thank F . N . H epper, R oya l B otan ic  
G arden, K ew , for botanical verification, D r. A . W . B ow en  o f  “ Shell” R esearch  
L im ited for  the m ass spectrum  and G eigy L td. for supplying a reference sam ple  
o f  conopharyngingine.

J. T homas
D epartm ent o f  Pharm acy,
U niversity  o f  M anchester,
M anchester, 13.

G . A . Starmer
D epartm ent o f  Pharm acy,
K w am e N krum ah U niversity,
K um asi, G hana.
M arch 22, 1963
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A Rapid Turbidimetric Method for Heparin Assay

S ir ,— D uring  an  investigation  o f  the co lum n chrom atographic behaviour o f  
several po lyan ion s w e felt the need for  a  procedure for  heparin determ ination  
w hich w ou ld  enable us to  deal rapidly and inexpensively w ith  a large num ber o f  
sam ples.

M ethods already published  (Jaques and  B ell, 1959) d id  n o t m eet our require
m ents and w e w ere com pelled  to  develop  a new  procedure w hich m ight interest 
other w orkers in this field.

It is k n ow n  that the basic antib iotic, streptom ycin , form s w ater-insoluble  
com plexes w ith  h igh m olecu lar w eight po lyphosphates (C ohen  and L ichtenstein, 
1960; H arshaw , B row n and G raham , 1962). A lth ou gh  the m olecular w eight 
o f  heparin  is w ell below  the critical size required for the polyan ion s’ reaction  
w ith streptom ycin , it w as thought that the greater degree o f  ion isation  o f  the  
heparin-like polysu lphates w ou ld  nevertheless a llow  the reaction  to  occur. 
T his was indeed so . In addition , the turbidity produced  by the in so lub le  
heparin-streptom ycin com plex obeys the Beer’s relationship  w ith in  certain  
concentration  lim its. T his finding served as a  basis for  the procedure for 
heparin assay ou tlined  below .

M ix 1-0 m l. o f  sam ple conta in ing  15-300 ¿¿g./ml. o f  heparin w ith  3 0  m l. 
0-25 per cent streptom ycin  su lphate (N B C , diagnostic). D ihydrostreptom ycin  
o f  reagent grade m ay a lso  be used. A llo w  to  stand 10 m in. at 18 -22° and read  
the extinction  in  a  Pulfrich step photom eter w ith the L 2 filter (m axim um  trans
m ittance at 480 niju,). I f  a  spectrophotom eter is available, readings are 
preferably taken  at 400 m/x against a su itable blank. T he turbidity is stab le  
for at least 120 m in. a t 18 -22°. T he standard so lu tion  (contain ing 100 /xg./m l.) 
is stabilized  by d issolv ing 10 m g. o f  sod ium  heparin (B D H ) in  100 m l. o f  
2 per cent b enzoic acid.

T he relation  betw een  extinction  and concentration  is linear over the range  
0 -3 0 0  /xg. heparin per m l. T he standard deviation  com puted  from  a series o f  
10 parallel determ inations on  the sam e so lu tion  is below  0  01 (B eckm an D U  
spectrophotom eter) or 0  03 (Pulfrich step photom eter). T he m ethod  is n o n 
specific, a  defect shared by other chem ical m ethods for  the determ ination o f  
heparin.

T A B L E  I
Effect of ionic strength on the turbidity produced by the interaction of

HEPARIN WITH STREPTOMYCIN
T he reaction  m ixture con tained  in 4-0 ml. final volum e 200 /¿g. heparin , 00-0-5m 
halide and  10 mg. streptom ycin  sulphate. The figures represent the  decrease in 
extinction as per cent o f  the  extinction  o f the  tube con tain ing  no  halide  =  100 pe r 
cent. The ionic streng th  is com puted  from  the  fo rm u la : I =  0-5 £  [i].Zf.

Ionic
strength LiCl NaCl KC1 MgCl, MnCl2

0025 93 98 91 ___ ___

005 89 89 83 83 78
0 1 0 79 81 78 78 76
015 75 70 65 — —

9-20 64 64 60 67 62
0-25 56 54 55 54 50

A ll other polyan ions so  far tested, except som e com m ercial sam ples o f  yeast 
ribonucleic acid  gave sim ilar reactions w ith  streptom ycin . In this connection  
it  is interesting to  n o te  that another basic antib iotic , neom ycin  sulphate, is
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c ap a b le  o f  p re c ip ita tin g  re la tiv e ly  sm all m o lecu les o f  rib o n u c le ic  a c id  o f  th e  
“ so lu b le ”  type.

T h e  re a c tio n  be tw een  h e p a r in  a n d  s tre p to m y c in  is sensitive  to  th e  io n ic  
s tre n g th  o f  th e  m ed iu m . T h e  in te rferen ce  o f  so m e  rep re se n ta tiv e  h a lid e s w ith  
th is  re a c tio n  is p re sen te d  in  T ab le  I. I t  is re a so n a b le  to  a ssu m e th a t  th e  n e u tr a l 
isa tio n  o f  th e  su lp h a te  g ro u p s  o f  h e p a r in  by  th e  g u a n id in e  resid u es in  th e  
s tre p to m y c in  m o lecu le  lead s to  rev ersib le  b re ak in g  o f  th e  h y d ro g e n  b o n d s  
b e tw een  th e  p o ly an io n  a n d  w a ter. I t  th u s  seem s th a t  th e  in te rac tio n  b e tw een  
so lu b le  p o ly e lec tro ly tes  does n o t  lead  to  th e  fo rm a tio n  o f  firm  co v a len t b o n d e d  
com plexes. T h ere fo re , i t  is e ssen tia l to  d e sa lt th e  assay ed  sa m p le  b e fo re  th e  
a d d itio n  o f  s trep to m y c in , a n d  to  p re p a re  th e  la t te r  re ag e n t w ith  d e io n ise d  
w a ter.

L a b o ra to ry  D iv isio n , E. J. A ltescu
G e n era l H o sp ita l  o f  G a es ti, A rges,
P .O . B ox 204, B u c h are s t 1,
R u m an ia .

A p ril 24, 1963
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Colomycin and Polymixin E
Sir,— D u rin g  in v es tig a tio n s u p o n  th e  m o d e  o f  a c tio n  o f  th e  p o ly p e p tid e  

a n tib io tic  co lo m y cin  a n d  u s in g  Escherichia coli w e w ere  im p ressed  by  th e  c lose  
s im ila rity  be tw een  co lo m y cin  a n d  p o ly m ix in  E  as ju d g e d  by  th e  effect o f  
in o cu lu m  size o n  m in im u m  in h ib ito ry  c o n c e n tra tio n , th e  a d so rp tio n  o f  th e  
a n tib io tic s  fro m  a q u eo u s  so lu tio n  by  w ash ed  su sp en sio n s o f  th e  te s t o rg an ism , 
a n d  th e  p a tte rn  o f  leak ag e  o f  c e llu la r  m a te ria l ab so rb in g  a t  260 m/x.

S u b seq u en t in v estig a tio n s sh o w ed  th a t  th e  tw o  sam p les po ssessed  in d is
tin g u ish ab le  in fra -re d  sp ec tra  w hen  ex am in ed  in  K B r d iscs. T h e  effects o f  
v a ry in g  th e  c o n c e n tra tio n s  o f  each  a n tib io tic  u p o n  th e  su rface  te n s io n  o f  w a te r  
w ere  id en tica l as m ea su re d  by  th e  D e  N o u y  ten s io m e te r.

R f v a lu es u sin g  p a p e r  c h ro m a to g ra p h y  a n d  tw o  so lv en t system s a re  show n  
in  T ab le  I.

TA B LE I
R f values of colomycin and  polymixin E using two solvent systems

Solvent system
R f

Colomycin Polymixin E

n-Butanol : elacial acetic acid : water 
4 : 1 : 5

0 398 0 397

n-Butanol : glacial acetic acid : acetone : water 
2 : 0-5 : 2 1 : 0 1

0-75 0-74

A mixture of colomycin and polymixin E ran as one spot using the same
solvent systems. Both samples were hydrolysed with 5n hydrochloric acid
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(6 h r. a t  125°). T h e  h y d ro ly sa te s  w ere  su b jec ted  to  ion -ex ch an g e  c h ro m a to 
g ra p h y  by th e  m e th o d  o f  M o o re  a n d  S te in  (1951) b u t  u s in g  Z e o -c a rb  215. 
T h e  p e rcen tag e  c o n te n t o f  th reo n in e , leuc ine  a n d  1 ,3 -d iam in o b u ty ric  acid  
o b ta in e d  by th is  m e th o d  w ere  a s  sh o w n  in  T ab le  II.

T A B LE II
Percentage content of three amino-acids in hydrolysates of colomycin

A N D  PO L Y M IX IN

Threonine Leucine 1,3-Diaminobutyric acid
Colomycin 18 6 25-3 56-1
Polymixin E 20*7 22-7 56-5

W e feel th a t  these  d a ta , a lth o u g h  o b ta in e d  w ith  co lo m y c in  fro m  a  d iffe ren t 
sou rce , m ig h t be  o f  in te re s t in view  o f  th e  find ings o f  W ilk in so n  (1963).

W e th a n k  P h a rm ax  L td . fo r  a  g ift o f  co lo m y cin  a n d  B u rro u g h s  W ellcom e 
a n d  C o . fo r  a  g ift o f  po ly m ix in  E .

D e p a rtm e n t o f  P h a rm acy ,
T h e  U n iversity ,
N o ttin g h a m .

M ay  20, 1963
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BOOK REVIEWS
PHARMACOGNOSY OF AYURVEDIC DRUGS {Kerala). Series 1, N o . 5. 
By K . N a ra y a n a  A iy a r a n d  M . K o la m m a l. Pp . v i +  123. D e p a r tm e n t o f  
P h a rm aco g n o sy , U n iv e rsity  o f  K e ra la , T riv a n d ru m , 1962. R s.10 .

T h is  b o o k  is N o . 5 o f  a  trea tise  d e sc rib in g  th e  A yurved ic  d ru g s  o f  In d ia , 
e sp ecia lly  th o se  u sed  in  th e  p ro v in ce  o f  K e ra la  (T rav a n co re ) in  S o u th e rn  In d ia . 
T h e  “ A y u rv e d a ’ is a n  a n c ien t S a n sk rit tex t d e sc rib in g  a  system  o f  m ed ic ine  
a n d  th e  w o rd  m ean s th e  “ Science o f  L ife .”  N o . 5 c o n ta in s  a  d e sc rip tio n  o f  
n in e  d ru g s  a rra n g e d  u n d e r  th e ir  ay u rv ed ic  n am es. T h e  n in e  d ru g s a re  deriv ed  
fro m  22 p lan ts , in d ic a tin g  th e  difficulty  o f  a tta c h in g  each  n a m e  to  a  single  p lan t. 
I t  is o b v io u s, th e re fo re , h o w  necessa ry  it is to  p u b lish  th e  d esc rip tio n s g iven  in  
th is  b o o k , th u s  p ro v id in g  a  m ean s o f  e s tab lish in g  th e ir  sou rces by  a cc u ra te  
d e sc rip tio n s  a n d  excellen t d raw in g s, sev e ra l o f  w h ich  a re  c o lo u red , o f  th e  p la n ts , 
a s  w ell as a n  a c c o u n t o f  th e  a n a to m y , acc o m p a n ied  by ca re fu l d raw in g s, o f  th e  
p a r ts  w h ich  a re  u sed  m ed ic in a lly  in In d ia . E ach  d ru g  is d escribed  u n d e r  tw o  
h ead in g s, first, th e  ay u rv ed ic  n a m e  fo llo w ed  by  q u o ta tio n s  in  S a n sk rit w hich  is 
tra n s li te ra te d  in to  a ra b ic  le tte r in g ; th is  is fo llo w ed  by a  lis t o f  th e  m an y  term s 
a p p lie d  to  its p a r ts , to g e th e r w ith  th e  m ean in g  in  E n g lish  o f  e ach  te rm . T h e  
seco n d  h ead in g  is th e  m o d e rn  b o tan ic a l n a m e  b e n e a th  w h ich  is a  ca re fu l d e sc rip 
tio n  o f  th e  p la n t  a n d  th en  a n  a cc o u n t o f  th e  h is to lo g y  o f  th o se  p a r ts  used  
m ed ic ina lly . F c r  th e  a n a to m ic a l d raw in g s th e  sam e  a b b rev ia tio n s  a re  u sed  
th ro u g h o u t th e  b o o k  a n d  a re  lis ted  in th e  in tro d u c io n , th u s  a v o id in g  re p e titio n  
in  th e  leg en d  to  each  se t o f  d raw ings.

O f  th e  d ru g s  desc rib ed  so m e a re  w ell k n o w n  in  E u ro p e a n  m e d ic in e :—
Kapikacchu f rc m  Mucuna prurita is u su a lly  n a m e d  co w h ag e  o r  itch in g  p o w d er 

a n d  con sis ts  o f  :he h a irs  o f  th e  f ru it ep id e rm is a n d  used  as a  v e rm ifuge  fo r  
ro u n d -w o rm  a n d  th rea d -w o rm . O th e r  p a r ts  a re  u sed  m ed ic ia lly  in  In d ia , 
viz. th e  ro o ts  a n d  seeds.

Ksiravidari f ro m  Ipomoea paniculaia ( =  Batatas edit I is) yields th e  sw eet p o ta to , 
th e  s ta rch  o f  w h ich  is so m etim es n a m e d  B raz ilian  A rro w ro o t a n d  m ay  a p p e a r  
a s  a  su b s titu te  o r  a d u lte ra n t  fo r  so m e  o f  th e  o th e r  s ta rch es u se d  in  E u ro p e a n  
m ed ic in e  a n d  fo o d .

Jambu fro m  Syzygium jambolanum (= Eugenia jambolana) yields seeds, 
k n o w n  in  E u ro p e  a s  J a m b o o l seeds a n d  a re  sa id  to  be  u se fu l in  d iab e tes . In  
a d d itio n  th e  b a rk  a n d  fru its  a re  u sed  in  In d ia  a n d  th e  b a rk  is fu lly  desc rib ed  
a n d  its  a n a to m y  w ith  d raw in g s o f  de ta ils .

Kiratatiktah f ro m  Andrographis paniculaia is w ell k n o w n  a n d  h a s  been  desc rib ed  
in  E u ro p e a n  lite ra tu re  a s  a n  a d u lte ra n t  o r  su b s titu te  fo r  C h ire tta  a n d  is u se d  as 
a  b itte r  to n ic .

T h e  b o o k  fo rm s a  v a lu ab le  c o n tr ib u tio n  to  th e  kn o w led g e  o f  in d ig en o u s  
In d ia n  m ed ic in a l p la n ts  a n d  w ill h e lp  to  en co u rag e  in v es tig a tio n  o f  th e  very  
n u m e ro u s  h e rb a l m ed ic ines so  la rge ly  u sed  in  th e  In d ia n  su b -co n tin en t.

T . E . W allis.
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P H A R M A C O L O G Y  A N D  T H E R A P E U T IC S . F if th , rev ised  a n d  en la rg ed , 
ed itio n . By A r th u r  G ro llm a n . P p . 1131 (in c lu d in g  In d ex  a n d  236 illu s tra 
tio n s). H e n ry  K im p to n , L o n d o n , 1962. 93s. 6d.

T h e  a p p e a ra n c e  o f  th e  5 th  E d itio n  o f  G ro llm a n ’s Pharmacology and Thera
peutics  co m in g  as i t  does on ly  tw o  y ears  a f te r  th e  4 th  E d itio n  a n d  e leven y ears  
a f te r  th e  first, is a  su re  sign  o f  a  successfu l tex tb o o k . By A m erican  s ta n d a rd s  
th is  is a  m ed iu m -sized  o r  even sm allish  b o o k . L ike  e a r lie r  e d itio n s  it is re ad a b le , 
lu cid , w ell p r in te d  a n d  w ell b o u n d .

I t  is h o w ever very  m u c h  a  te x tb o o k  o f  p h a rm a co lo g y  a n d  th e ra p eu tic s  a im ed  
p r im a rily  a t  th e  u n d e rg ra d u a te  in  m ed ic in e  o r  th e  m ed ica l p ra c tit io n e r  ra th e r  
th a n  a  b o o k  w h ich  d eals w ith  th e  sc ien tific  basis o f  p h a rm aco lo g y . T h is  is 
p e rh ap s  its g rea tes t w eak n ess as a  tex t. O n  th e  o th e r  h a n d  it is a n  u p -to -d a te  
v o lu m e a n d  deals w ith  a  very  w ide  ra n g e  o f  m o d e rn  d ru g s  a n d  p re p a ra tio n s , 
so m e  o f  w hich  a re  u n fa m ilia r  to  th e  B ritish  read er.

E ac h  c h a p te r  is su p p lied  w ith  a  u sefu l lis t o f  re ferences fo r  fu r th e r  re ad in g , 
a n d  w here  a p p ro p ria te , w ith  a  lis t o f  re le v an t U .S .P . p re p a ra tio n s . I t  is sad  
to  see in  th is  o f  a ll tex tb o o k s , th a t  B .P . p re p a ra tio n s  a re  n o  lo n g er in c lu d ed . 
T h e  a u th o r , like  a ll w h o  w rite  tex ts  in  p h a rm aco lo g y , h a s  been  faced  w ith  th e  
d ilem m a o f  w h a t to  re ta in  a n d  w h a t to  leave o u t ; th u s  re la tiv e ly  larg e  sec tio n s 
a re  d ev o ted  to  th e  b ro m id es  a n d  co ca in e  w h ils t c o m p o u n d s  such  as h a lo th a n e  
a n d  th e  th iaz id e  d iu re tic s  deserve m o re  ex tensive  tre a tm e n t th a n  th ey  get. 
N ic o tin e  is d ea lt w ith  a t  leng th , ye t su x am e th o n iu m  receives o n ly  b r ie f  a tte n tio n . 
T w o  pages a re  d ev o ted  to  th e  V e ra tru m  a lk a lo id s  w hich  is m o re  th a n  th e  to ta l  
sp ace  d ev o ted  to  m ecam y lam in e  a n d  g u a n e th id in e , a n d  o n e  w o u ld  have  lik ed  
to  re ad  m o re  a b o u t  g riseo fu lv in . T h e  b o o k  is u n d o u b ted ly  very  g o o d  in 
d ea lin g  w ith  d ru g  side  effects, a n d  th e re  a re  a  n u m b e r  o f  in te res tin g  a n d  in fo rm 
a tive  illu s tra tio n s  o f  these. O d d ly  e n o u g h , n o  m en tio n  is m ad e  o f  th e  s de  
effects a sso c ia ted  w ith  th a lid o m id e .

T h e  ch em ica l fo rm u la e  show s so m e in consis tenc ies a n d  th e  b o o k  w o u ld  be 
im p ro v ed  if  th ey  w ere  a ll re -d ra w n  by th e  sam e  h a n d  a n d  th e  fo rm u lae  revised  
by  a n  o rg an ic  ch em ist. I t  is h o w ev er a  g o o d  b o o k  w hich  rep ay s read in g . 
P e rh a p s  its g rea tes t v a lu e  lies in th e  easy  accessib ility  o f  a  g re a t deal o f  in fo rm a 
tio n — th ere  is n o  n eed  to  co p e  w ith  irre levancies o r  re p e tit io n  b ecause  these  
h a rd ly  exist. It will b e  w elcom ed  by  m o st u n d e rg ra d u a te s  w ith  a  lean ing  to w a rd s  
th e  c lin ica l a p p lic a tio n s  o f  p h a rm aco lo g y . O th e rs  w ill find  it o f  th e  g rea tes t 
va lue  w hen  su p p lem en ted  by th e  tex ts  d ea lin g  w ith  th e  scientific  asp ec ts  o f  th e  
sub ject.

J. J. L ew is
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P Y R O G E N  T E S T I N G  w i t h  

E L E C T R I C  T H E R M O M E T E R  

T Y P E  T E 3

O F F E R S  S E V E N  I M P O R T A N T  

A D V A N T A G E S

This precision electric therm
ometer affords distinct and 
important advantages over the 
ordinary mercury type. It is 
used for conducting pyrogen 
tests by sero ogical institutes, 
pharmaceutical laboratories 
and hospitals in more than 30 
countries.

1 .  G u a r a n te e d  a c c u ra c y  to  w ith in  ± 0 - 1  
c e n t ig ra d e .

2 .  E a s y - to - r e a d  s p o t- i l lu m in a te d  sca le .
3 .  A u to m a t ic  c o m p e n s a t io n  fo r  

v a r ia t io n s  in  r o o m  te m p e ra tu re .
4 .  U p  to  30  a n  m a ls  c a n  b e  te s te d  

s im u lta n e o u s ly .
5 .  T e m p e ra tu r e  in d ic a te d  w ith in  1 to  2 

se c o n d s  o f  d e p re ss in g  p u s h -b u t to n .
6 .  A lw a y s  re a d y  fo r  im m e d ia te  u se.
7 .  N o  ti r e s o m e  c a l ib r a t io n  n e ce ssa ry .

S I E R E X  L T D For fully descriptive literature 
and prices write to:

15-18 C L I P S T O N E  S T R E E T ,  L O N D O N ,  W. l
T e l . :  L A N g h a m  2 4 6 4
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SUNDERLAND EDUCATION AUTHORITY

A pplications fo r the above post are invited from  suitably qualified 
persons. The successful candidate  will be requ ired  to undertake 
original research in pharm acology or an  allied field and to  direct w ork  of 
a w ell-equipped Pharm acology R esearch L ab o ra to ry . In addition  he 
m ay be required  to  undertake  a lim ited am oun t o f u n derg raduate  teaching.

The initial salary  will depend on qualifications and  experience 
and  will be in accordance with the Burnham  (Technical) Scales for 
Principal L ecturer— £2000 x  £60— £2180.

These scales are  subject to revision from  A pril 1, 1963.
R em oval expenses, a tem porary  lodging allow ance and  a  generous 

m ortgage advance fo r hom e purchase will be g ran ted  in ap p ro p ria te  cases.
F u rth e r particu lars, and form s of app lication , from  the  R egistrar, The 

Technical College, Sunderland, C o. D u rh am . A pplications should  reach 
the undersigned w ithin fourteen  days. Canvassing disqualifies.— W. 
Thompson, D irector of Education, Education Offices, 15, John S treet, 
Sunderland, Co. Durham .

l̂l!ll!llll!li!illi!ll!ll!llllll!!l!llllll!IIIIIIIE‘llll!!llllll!lllllllll!llllllllllllil!lllllllll!ll!lllllilll!ll!lllll II l'lllllllllillllllllllli=

EE A pplications are invited from  G raduates in Pharm acology or allied =
H  sciences to  fill a  vacancy in the newly created  D ep artm en t of
ee Pharm acology in the R esearch and D evelopm ent D ivision o f R iker =
=  L abora to ries a t W elwyn G arden  City. In terest in Pu lm onary  Physi- =
=  ology w ould be  an  advantage. This position  offers scope for =
=  individuality  and the publication  of results will be encouraged. A =
=  co n tribu to ry  pension scheme is in operation , B .U .P .A . coverage is | |
=  offered and conditions o f service are excellent. Please apply t o : = j
EE The Personnel D irector, R iker L aboratories, M orley Street, | |
=  L oughborough , Leics. H

S U N D E R L A N D  T E C H N I C A L  C O LLE G E  
S C H O O L  O F  P H A R M A C Y

Principal Lecturer in Pharmacology

P h a rm a co lo g ist
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R H O D E S  U N I V E R S I T Y
G r a h a m s t o w n ,  S o u th  A f r ic a

SEN IOR LECTURER  IN PHYSIOLOGY AND PHARMACOLOGY

Applications are invited for the above-mentioned position from 
January, 1964.

The salary scale is R3180 X R120-R4020 (£1590 x  £60-£2010) 
per annum. A vacation savings bonus, as in the Public Service, 
is also payaole. Qualifications and experience may be taken into 
account in fixing the commencing salary.

Further particulars and application forms may be obtained 
from the Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough Flouse, Pall Mall, 
London, S.W .l.

A p p l i c a t i o n s  d o s e  in  S o u th  A f r i c a  a n d  L o n d o n  o n  J u l y  2 5 ,  1 9 6 3 .

©

THE BRITISH DRUG HOUSES LTD.
invite applications fro m

P H A R M A C O L O G I S T S  

P H Y S I O L O G I S T S  a n d  

Z O O L O G I S T S
for a number o ' positions resulting from re-organisation and expansion of the Biological 
Research Depar ment. Succesful applicants will be employed as members of research 
teams directed towards the discovery and development of new drugs for the treatment 
of a wide range af human diseases. Excellent working conditions in new and well-equipped 
laboratories are provided and the publication of results and attendance at scientific 
meetings will be encouraged.

Although some post-graduate research experience would be desirable, applications 
from those qualifying this summer will also be given serious consideration.

Salaries will be related to qualifications and previous experience and will be reviewed 
annually on a merit basis. The positions olTer excellent prospects for future advancement to 
those possessing above average ability. A contributory Pension and Life Assurance Scheme 
is one of several additional benefits operated by the Company.

Applications, giving full details of academic career and any previous research 
experience, should be addressed to:

Personnel Manager, Ref. HAC/DKV,
The British Drug Houses Ltd.,

Graham Street, City Road, London, N.l.
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THE UNIV ER SITY OF M ANITO BA
W i n n i p e g  C a n a d a

S C H O O L  O F  P H A R M A C Y

A pplications a re  invited fo r the  position  of:

Assistant Professor with a Ph.D. in Pharmacy (Pharmaceutics).

T he appo in tm en t to  be effective Septem ber 1, 1963. M odern  facilities 
are  p rovided in new Pharm acy B uilding. S tarting  sa lary  will depend upon 
experience and  qualifications.

A pplications, including a  curriculum  vitae, recent p h o tograph  and list 
o f publications, as well as th e  nam es of three  referees, m ay be subm itted  
to  D r. J. R . M urray , D irecto r o f  the  School o f Pharm acy.

THE BRITISH DRUG HOUSES LIMITED.
invite applications fo r  a position  as

S E C T I O N  H E A D  

( P H A R M A C O L O G Y )
in the B iological Research D epartm ent a t Godaim ing, Surrey.

This is one of several newly created positions resulting from re-organisaticn and expansion 
of the Department and the successful applicant will be required to lead a team of Junior Grad
uates and Assistants. The Company’s research interests are very wide and particular responsi
bilities of the post will be related, as far as possible, to the interests and previous experience of the 
person appointed. The publication of results and attendance at scientific meetings will be 
encouraged.

Applicants should have had at least rthree years’ post-graduate research experience, either 
industrial or academic, relevant to the discovery and development of new drugs for the treat
ment of human disease. Some previous experience in a supervisory capacity would ¡be an 
additional advantage.

An attractive starting salary will be paid and it will be reviewed annually on a merit basis. 
The position also offers excellent prospects for future advancement. A contributory Pension 
and Life Assurance Scheme is one of several additional benefits operated by the Company.
A p p l i c a t i o n s ,  g i v i n g  f u l l  d e t a i l s  o f  c a r e e r  t o  d a t e ,  s h o u l d  b e  
a d d r e s s e d  t o : —

P e r s o n n e l  M a n a g e r ,  T h e  B r i t i s h  D r u g  H o u s e s  L t d . ,
G r a h a m  S t r e e t ,  C i t y  R o a d ,  L o n d o n ,  N . l .



S E N I O R  R E S E A R C H  P O S I T I O N S
with the

Food and Drug Directorate 
Department of National Health and Welfare 

OTTAWA

P H A R M A C E U T IC A L  A N D  O R G A N IC  C H E M IS T S  for research in 
analytical chem istry o f  pharm aceuticals.

B IO C H E M IS T S . P H A R M A C O L O G IS T S  A N D  P H Y S IO L O G IS T S
to p lan and direct research projects in pharm acology and tox ico logy  
and to  perform  evaluation  o f  pharm acological data.

F or further details and app lication  form s w rite IMMEDIATELY  to  
the C IV IL  SE R V IC E  C O M M IS S IO N  O F  C A N A D A , O T T A W A  4,
qu otin g  reference 63-1400.

A N A L Y T I C A L  R E S E A R C H

The services of young suitably qualified Chemists are required 
in the Analytical Research Department of Allen & Hanburys Ltd., 
Ware, Herts. There are vacancies for Chemists with previous 
experience in the investigation of modern analytical methods, 
preferably in the pharmaceutical or allied industries. There are 
also vacancies for recent graduates in chemistry or pharmacy, or 
those who expect to graduate this year. The positions, which 
are pensionable, will offer opportunities for working on a variety 
of interesting topics and will carry attractive salaries.

A pplications, giving full d e ta ils  of age, qualifications 
and experience, should  be sen t to  the P ersonnel M anager 
and should  quote reference No. A.R.5.

PRINTED BY W. HEFFER & SONS LTD., CAMBRIDGE. ENGLAND.



General Medical Council

BRITISH  PHARMACOPOEIA 1963
T he British Pharmacopœia is pub
lished under the direction of the General 
Medical Council in accordance with the 
terms of the Medical Act, 1956 and 
provides standards for the quality of 
substances and preparations used in 
medical and pharmaceutical practice. 
New editions of the Pharmacopoeia are 
published at intervals of about five 
years. The British Pharmacopoeia first 
appeared in 1864 and the British 
Pharmacopoeia 1963 thus constitutes 
the centenary edition.

The new edition contains almost 
1000 monographs, of which more than 
200 appear for the first time. All the 
monographs and appendices retained 
front the previous edition of 1958 have 
been thoroughly revised and many 
modifications made in the specifications 
and methods of test.

Monographs on new drugs and pre
parations include antibiotics, steroids, 
hypnotics, sulphonamides, hyperten
sive agents, antihistamines, tranquil
lisers, diagnostic agents and immuno
logical products.

The Appendices have been extended 
to 278 pages and include specifications 
for reagent chemicals, physical, chemi
cal and biological methods of assay 
and test, and a section on the design 
and precision of biological assays.
Publication date July 1, 1963; official in 
the United Kingdom from January 1. 
1964.
Pp. xxviii +  1210. Price £5 (plus 2s. 6d.
U.K. postage).
Published for the General Medical- 
Council by The Pharmaceutical Press.

Pharmaceutical Society of Great Britain

British Pharm aceutical Codex 1963
The British Pharmaceutical Codex 
is an international reference work pro
viding up-to-date information on drugs 
and drug formulations, immunological 
products, human-blood products, 
surgical ligatures and sutures, and 
surgical dressings.

The Codex has a dual role. It gives 
authoritative and up-to-date inform
ation on nearly 1000 medicinal and 
related substances in current use. And 
it also provides standards for many 
substances in current use that are not 
included in the British Pharmacopoeia.

Information on the actions and uses 
o f  drugs is prepared by a panel of 
medical and pharmaceutical experts 
after thorough discussion of published 
evidence and personal experience.

The 1963 Codex includes mono
graphs on more than 120 new drugs, 
and on a number of new materials used 
in formulation.

Other subjects of new monographs 
include sutures made of stainless steel 
and of various polyesters, plastic first- 
aid dressings, and .v-ray detectable 
surgical swabs. For the first time the 
Codex describes the uses of surgical 
dressings.

Nearly 70 new formulae are included, 
and significant changes have been made 
in some 30 preparations. In particular 
there are important changes in the 
monographs on eye drcps.

Publication date July I, 1963; official in 
the United Kingdom from January 1, 
1964.

Pp. xxxvi 4- 1432. Price £5 5s. (plus 
2s. 9d. U.K. postage).

Published by The Pharmaceutical Press.

The Pharmaceutical Press
17 Bloomsbury Square, London, W.C.1
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